U. S. DEPARTMENT OF AGRICULTURE. 


FARMERS’ BULLETIN No. 87. 


xperiment Station Work, 


VIII. 


SOIL MOISTURE. FECUNDITY OF SWINE. 

FERTILITY OF SOILS. FOOD VALUE OF EGGS. 

COVER CROPS FOR ORCHARDS. STARCH FROM SWEET POTATOES. 
CULTIVATING v. CROPPING ORCHARDS. THE TOAD AS A FRIEND OF THE 
TRANSPLANTING TREES. FARMER. 


PREPARED IN THE OFFICE OF EXPERIMENT STATIONS. 


WASHINGTON: 


GOVERNMENT PRINTING OFFICE. 


1899. 





CONTENTS OF THE SERIES OF FARMERS’ BULLETINS ON EXPERIMENT 
STATION WORK. 


. (Farmers’ Bul. 56).—Good v. Poor Cows; Corn v. Wheat; Much vy. Little Protein; Forage Crops 
for Pigs; Robertson Silage Mixture; Alfalfa; Proportion of Grain to Straw; Phosphates as 
Fertilizers; Harmful Effects of Muriate of Potash; Studies in Irrigation; Potato Scab; Barn. 
yard Manure. 

. (Farmers’ Bul. 65).—Common Crops for Forage; Stock Melons; Starch in Potatoes; Crimson 
Clover; Geese for Profit; Cress Pollination; A Germ Fertilizer; Lime as a Fertilizer; Are 
Ashes Economical? Mixing Fertilizers. 

. (Farmers’ Bul. 69).—Flax Culture; Crimson Clover; Forcing Lettuce; Heating Greenhouses; 
Corn Smut; Millet Disease of Horses; Tuberculosis; Pasteurized Cream; Kitchen and Table 


tion; Jerusalem Artichokes; Kafir Corn; Thinning Fruit; Use of Low-grade Apples; Cooking 
Vegetables; Condimental Feeding Stuffs; Steer and Heifer Beef; Swells in Canned Vegetables 

. (Farmers’ Bul. 78).—Humus in Soils; Swamp, Marsh, or Muck Soils; Rape; Velvet Bean; Sun- 
flowers; Winter Protection of Peach Trees; Subwatering in Greenhouses; Dacterial Diseases 
of Plants; Grape Juice and Sweet Cider. 

VI. (Farmers’ Bul. 79).—Fraud in Fertilizers; Sugar-beet Industry; Seeding Grass Land; Grafting 
Apple Trees; Forest Fires; American Clover Seed; Mushrooms as Food; Pigs in Stubble 
Fields; Ensiling Potatoes; Anthrax. 

VII. (Farmers’ Bul. 84).—Home-mixed Fertilizers; Forcing Asparagus in the Field; Field Selection 
of Seed; Potatoes as Food for Man; Corn Stover as a Feeding Stuff; Feeding Value of Sugar 
Beets; Salt-marsh Hay; Forage Crops for Pigs; Ground Grain for Chicks; Skim Milk for 
Young Chickens; By-products of the Dairy; Stripper Butter; Curd Test in Cheese Making; 
Gape Disease of Chickens. 

» 


Wastes; Use of Fertilizers. | 
’. (Farmers’ Bul. 73).—Pure Water; Loss of Soil Fertility; Availability of Fertilizers; Seed Selec- 

























INT 


‘rops 
PS as 


sarn- 


mson 


Are 


USS; 


fable 


elec: 
king 
bles 
Sun- 
GASes 


fting 
wbble 


ction 
sugar 
k for 
cing; 


oe a eee =e —— ee 


ash tae 


Respectfully, 


LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF EXPERIMENT STATIONS, 
Washington, D. C., December 15, 1898. 


A. 


Hon. JAMES WILSON, 


Secretary of Agriculture. 


Sir: The eighth number of Experiment Station Work, prepared 
under my direction, is transmitted herewith with the recommendation 
that it be published as a Farmers’ Bulletin. 


1, TRUE, 
Director. 
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EXPERIMENT STATION WORK—VIIL- 


CONSERVING AND ECONOMIZING THE MOISTURE OF THE SOIL. 


Next to temperature, moisture is probably the controlling factor in 
the growth of plants. The importance of an adequate supply of mois- 
ture is most strikingly demonstrated in ‘regions of deficient rainfall 
where irrigation is necessary for the growth of crops (arid regions), 
but if is no less important in regions where the rainfall is usually con- 
sidered sufficient for the needs of crops (humid regions). Not only 
must there be a sufficient supply of moisture, but it must be properly 
distributed throughout the growing season. It is well known that 
crops may be injured by drought in a season which shows a high total 
rainfall, because there is a deficiency of rain just at the stage when 
the plant needs it most. 

Under all circumstances, therefore, it should be the farmer’s aim to 
conserve the moisture in the soil—in the arid regions to reduce as much 
as possible the labor and expense of irrigation, and in humid regions 
to protect crops against droughts. Various means may be employed 
for the purpose of conserving and economizing the moisture supply of 
soils. 

Subsoiling is one of the most important of these means. Several of 
the stations have made careful studies of the influence of subsoiling on 
soil moisture.2, The Wisconsin Station describes this influence substan- 
tially as follows: Subsoiling (1) increases the storage capacity of the 
soil for moisture, and (2) increases the rate at which water will sink 
into the soil, but (3) decreases the rate at which it may be brought 





'This is the eighth number of a subseries of brief popular bulletins compiled from 
the published reports of the agricultural experiment stations and kindred institu- 
tions in this and other countries. The chief object of these publications is to dis- 
seminate throughout the country information regarding experiments at the different 
experiment stations, and thus to acquaint our farmers in a general way with the 
progress of agricultural investigation on its practical side. The results herein 
reported should for the most part be regarded as tentative and suggestive rather 
than conclusive. Further experiments may modify them, and experience alone can 
show how far they will be useful in actual practice. The work of the stations must 
not be depended upon to produce ‘‘rules for farming.” How to apply the results of 
experiments to his own conditions will ever remain the problem of the individual 
farmer.—A. C. Truk, Director, Office of Experiment Stations. 

2See also U.S. Dept. Agr., Farmers’ Bul. 56 (Expt. Sta. Work—I, p. 20). 
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back to the surface. Subsoiling also increases the amount of moisture 
available to crops, since plants are capable of utilizing a larger pro- 
portion of the moisture present in loose and coarse-grained soils than 
of that in fine-grained and compact soils. 

As regards the best method of subsoiling, a report of the Wisconsin 
Station states: 

Subsoiling to be most effective should be done in such a way as to leave the soil 
loose, much as the stubble plow leaves it. To accomplish this much will depend 
upon the character of the tool and more upon the condition of the soil when the 
work is done. If the soil is so wet as to be plastic when the plowing is done, then 
the effect of the subsoil plow will be to wedge the portions of the soil, which are 
heavily pressed into an even more compact and close texture than before, and thus 
develop a condition the opposite of that sought. To simply form a long groove or 
channel in the subsoil by wedging the dirt aside gives little aid in the direction 
sought. 

Such work, then, if done at all, should be done when the subsoil itself is dry enough, 
and this is most likely to occur in the fall after the crop of the season has withdrawn 
the moisture fromit. Subsoiling late, too, leaves no time for the soil to lose its open 


texture before the rains to be stored reach it. 

In humid regions, as a recent bulletin of the California Station points 
out, the soil as a rule 
is underlaid at a com- 
paratively short dis- 
tance below the sur- 
face by a subsoil which 

the roots of plants pen- 
WY » yy x etrate with difficulty 
WAG: Mes RZ c and from which they 
can draw little nour- 
ishment. The _ roots, 
therefore, spread out near the surface, and the plants require frequent 
rains or irrigation to sustain life. A suspension of either rain or irri- 
gation for ten days or two weeks under these conditions usually results 
in injury tothe plant. Undersuch circumstances subsoiling encourages 
deep rooting, and thus enlarges the stock of water as well as plant 
food at the command of the plant. In many parts of the region of 
deficient rainfall, as in southern California, plants (especially fruit 
trees) are capable of withstanding months of drought. This is claimed 
to be due to the fact that “in the arid region, as a rule, subsoils in the 
eastern sense do not exist; the soil is readily penetrable to great 
depths.” This difference in the root systems of plants in humid and 
arid regions is illustrated in the accompanying figures. 


Fia. 1.—Root system of a tree growing on a soil with hard subsoil. 


A glance at the figures suffices to show that while a root system like fig. 1 will 
stand in absolute need of frequent rains or irrigation to sustain its vitality, such 
a one as fig. 2 may brave prolonged drought with impunity, being independent of 
surface conditions, and able to perform all its functions out of reach of stress from 
lack of moisture. It is equally clear that it is to the farmer’s interest to favor to 
the utmost this deep penetration of the roots. 
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This can be done in humid regions, to some extent at least, by thor. 
ough preparation and tillage of the soil and (in case of fruit trees) by 
guarding against excessive surface fertilization. In arid regions fre- 
quent irrigation, it is claimed, encourages shallow rooting. 

To prevent loss of water from the soil by evaporation it is necessary 
to check the rise of water by capillarity to the surface of the soil. As 
already noted, this is accomplished to some extent by subsoiling, but 
in order that the work partly accomplished by the subsoiling may be 
completed and continued, the surface of the soil must be kept covered 
with a mulch of loose, well-tilled soil by means of frequent tillage. 
Some experiments of the Kansas Station afford an illustration of the 
effectiveness of this means 
of conserving soil moisture. 
One of the station fields which 
contained in round numbers 26 2 
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per cent of water in the first foot 4 
of soil, on July 7, 1898, had one : 
portion plowed, another disk 
harrowea and a portion left un- 
treated. The ensuing dry weath- 


er in the course of four weeks, 





Mp is 


notwithstanding several light 
rains, reduced the moisture of 
the untreated part to 15 per cent 
and that of the disked land to 18 
per cent, the plowed ground re- 
taning 21 per cent. The last 
two were in excellent condition 
for seeding, while the first would 
plow up lumpy and unsatisfac- 
tory. 

In the experiments at the. 7? Bt A ot eee eee 
Kansas Station plowing 
proved as effective as any form of tillage tested. 
permit plowing, the speedy work of the disk harrow compares favor- 
ably in efficiency. In either case, if rain sufficient to start the weeds 
follows, kill them with a harrow. This will at the same time break 
up any crust and preserve the soil mulch.” 

Whether the best results in preventing loss of moisture from the soil 
in humid regions will be obtained by subsoiling, shallow cultivation, or 
deep cultivation will depend very largely upon the character of the 
soil and subsoil. The Kansas Station found no essential difference in 
the moisture content at the different depths of soil that had been pre- 
pared in the spring by shallow plowing, by deep plowing, and by sub- 
soiling. In experiments at the North Dakota Station on different 
methods of preparing soil and tillage for wheat the largest yield was 
obtained from land subsoiled 8 inches below a 6-inch furrow. A sur- 
face mulch of well-tilled soil 3 or 4 inches thick is usually considered 


open subsoil. 


“Tf time does not 
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sufficient to afford effective protection against evaporation in humid 
regions. In regions of deficient rainfall, however, twice this depth is 
considered necessary. 

In humid regions there is danger of serious loss of nitrates in sub- 
jecting bare plowed land to the long-continued leaching action of abun- 
dant rains, as is done in summer fallowing and fall plowing; neverthe- 
less, the Kansas Station has found that the plowing of stubble as soon 
as possible after the removal of the previous crop, with frequent stir- 
ring of the soil, as described above, ‘not only insures a perfect seed 
bed for wheat in respect to moisture, but the soil has time to settle to 
the firm condition so advantageous to wheat, and the bareness, warmth, 
and moisture are most favorable to the formation of nitrates from 
organic matter.” In regions of deficient rainfall loss by leaching need 
not be feared. Under such conditions both summer fallowing and fall 
plowing may prove of great value in conserving moisture. 

Fall plowing wherever the land is not naturally adequately absorbent, and is not 
thereby rendered liable to washing away, is a very effectual mode of utilizing the 
winter’s moisture to the utmost, so as to bring about the junction of the season’s 
moisture with that of the previous season, which is generally considered as being 
a condition precedent for crop production in dry years. The same of course holds 
true of winter irrigation, the frequent omission of which in presence of a plentiful 
water supply at that season is a prolific cause of avoidable crop failures. Moisten- 
ing the ground to a considerable depth by winter irrigation is a very effective mode 
of promoting deep rooting, and will thus stand in lieu of later irrigations, which, 
being more scant, tend to keep the roots near the surface. 

Moisture escapes from soils bearing crops much more rapidly than 
from bare soils. This fact has been very clearly demonstrated by inves- 
tigations by the Iowa, Kansas, Wisconsin, and other stations. These 
investigations show that sod land and soil bearing different crops always 
maintain less moisture than uncultivated soil of the same character. 
It is undoubtedly true that the injurious effect of weeds is due fully as 
much to the moisture which they withdraw from the soil as to the plant 
food which they consume. The poor growth of crops near hedgerows 
and woods is due largely to withdrawal from the soil of moisture 
required for the proper growth of the crops. It is a well-known fact 
that the culture of crops in orchards may prove injurious to fruit trees, 

especially in dry seasons. (See p. 18.) This is due mainly to the with- 
drawal by the crops of moisture needed by the trees. The danger from 
this source is especially great if the fruit trees are very shallow rooted. 
From the standpoint simply of conservation of moisture, therefore, the 
farmer should be careful to keep his land free from unnecessary vege- 
tation during the summer, “‘but it must not be forgotten that by doing 
so he quickly depletes his land of vegetable matter, which requires sys- 
tematic replacement if production is to continue normally,” and, as 
explained above, he incurs danger of serious loss of nitrates by leaching 
and washing, especially in season of heavy rainfall. 
It is thus seen that while there are many ways in which the moisture 











id 
is 


th, 


ed 
all 


10t 
the 
n’s 
ng 
lds 
ful 
en- 
vile 
ch, 





9 


of the soil may be wasted or rendered useless to the plant, there are 
also many effective means of conserving and economizing this water 
which may be profitably employed. It only remains for the individual 
farmer to determine the method best suited to his needs and conditions. 


INFLUENCE OF DIFFERENT SYSTEMS OF FARMING ON THE 
FERTILITY OF THE SOIL. 


The amount of principal elements of fertility removed from the soil 
in products sold from the farm and the amount returned to it in the 
form of manure depend largely upon the system of farming practiced. 
It is well known that soils under continuous cultivation decline in fer- 
tility much more rapidly than those kept in grass. This is due not 
only to the constant removal of fertility in the crops harvested and 
sold from the farm, but also to the fact that under most systems of 
continuous culture the soil is left bare a large part of the time, and 
thus subjected to loss from leaching, washing, and oxidation. On the 
other hand, soils in grass are protected aimost entirely from the latter 
losses. The roots of the plants bring up the fertilizing constituents 
from the lower layers of the soil and they accumulate at the surface of 
the soil in the decaying remains of the vegetation. Thus in case of 
grass lands, while there is no actual gain in total amount of fertilizing 
constituents in the soil, the plant food is made more available and acces- 
sible. These facts explain the apparent recuperation of soils which 
have been exhausted by continuous culture when kept under grass for 
anumber of years. If leguminous plants are substituted for grasses, 
there may be an actual gain in fertility due to the nitrogen which these 
plants are capable of collecting from the air. 

When the lands are grazed by sheep and cattle the soil fertility is 
drawn upon to the extent of the nitrogen, phosphoric acid, and potash 
required to build the blood, bone, and tissue of the animal body. This 
is considerable in the case of growing animals, but insignificant in case 
of animals which have made their giowth (especially of bone) and are 
simply maintained or fattened on the pasture. If, however, concen- 
trated feeds are used in addition to pasture, and the manure produced 
returned to the land, there is an actual gain in fertility of the land. It 
will thus be seen that exclusive grain farming or continuous culture of 
a single crop has a much greater tendency to impoverish the soil than 
stock raising or combined grain and stock raising. A comparison of 
the amount of plant food removed from the soil and the amount capable 
of being returned to it under different systems of husbandry has been 
made by the Minnesota Experiment Station. The systems taken into 
consideration were all-grain farming, mixed grain and general farming, 
mixed potato and general farming, stock farming, and dairy farming, 
examples being selected which represented the different systems. In 
each case the farm is considered to contain 160 acres. 

In the example of all-grain farming selected no stock was kept and 
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no fertilizers of any kind applied to the land, the small amount of fer 
tilizing material which necessarily accumulated was disregarded, and 
the grain was all sold frgm the farm. The entire farm of 160 acres 
was under cultivation. The crops raised were 100 acres of wheat, 
40 acres of barley, and 20 acres of oats, yielding 15, 40, and 50 bushels 
per acre, respectively. It is calculated that the fertility removed from 
such a farm in the grain and straw of one yeav’s crops amounted to 2,460 
pounds phosphoric acid, 4,020 pounds potash, and 5,600 pounds nitrogen, 
This does not include the fertility removed by the weeds, which often 
is very large, and the amount of nitrogen lost from the soil through 
leaching and the decomposition of humus. 

The amount of nitrogen thus lost from a rich prairie soil recently 
brought under this system of farming is three or four times that 
removed in the crop. It was found from experiments conducted at 
this station that when a prairie soil is first brought under cultivation 
the humus oxidizes rapidly, but as the soil grows older the humus con- 
tent diminishes and the oxidation of the humus goes on more slowly. 

The system of mixed grain and general farming studied consisted of 
growing 40 acres of wheat, 20 of oats, 10 of barley, 7 of rye, 5 of corn, 
3 of flax, and 1 each of peas, millet, and potatoes. The rest of the land 
was in meadow and pasture, and 10 cows, 4 head of young stock, 15 
sheep, 8 hogs, 4 work horses, and 2 steers were kept. All the straw 
produced was used as feed and bedding for the stock. The yields in 
this case were higher than under all-grain farming, because the land was 
kept in better condition. All the wheat, rye, and flax, and one-balf of 
the oats and barley, and 50 bushels of potatoes were sold from the 
farm. The animal products sold were 2 steers, 10 sheep, 8 hogs, and 
1,500 pounds ef butter. The remaining oats, barley, and potatoes, and 
the corn, peas, and millet, besides 20 tons each of timothy and clover, 
were consumed on the farm, and 80 per cent of these food materials 
were returned to the soil in the form of manure. The fertility returned 
to the farm in manure from the food purchased, such as bran, screen- 
ings, and meal of various kinds, was taken into consideration in every 
case. A comparison of the total amount of fertility removed from the 
farm and the amount returned to it shows an approximate loss from 
the soil of 1,003 pounds phosphoric acid, 1,047 pounds potash, and 
2,594 pounds nitrogen. The fixation of the free nitrogen of the air by 
clover and peas was not taken into accouut in these figures, but “ it is 
safe to calculate that there has been a gain of 1,500 pounds of nitrogen 
from this source.” When allowance was made for the nitrogen thus 
obtained there was an annual loss from this farm of about 1,000 pounds 
each of phosphoric acid, potash, and nitrogen. There was therefore a 
loss of about two-fifths as much phosphoric acid, one-fourth as much 
potash, and one-sixth as much nitrogen as in all grain farming. With 
good cultivation and management it is believed that the reserve fer- 
tility of a good soil will withstand the above losses for a number of 
years. 
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The system of mixed potato and general farming studied differed 
from the foregoing system in that about 40 acres of grain were replaced 
by potatoes and that less grain was sold and less mill products pur- 
chased. The stock kept consisted of 7 cows, 4 head of young stock, 4 
horses, 2 steers, 12 sheep, and 9 hogs. Besides, 40 acres of grain were 
grown, of which 15 were sold. The rest of the farm was mainly in 
meadow and pasture. The products sold from the farm were 6,000 
bushels of potatoes, 1,000 pounds of butter, 8 hogs, 2 steers and young 
stock, 10 sheep, and the yields of 10 acres of oats and 5 of barley. 
Fifteen tons each of clover and timothy, 40 tons of straw, 150 bushels 
of potatoes, and the yields of 10 acres each of oats and barley, 5 acres 
of corn, and 1 acre each of millet and peas grown on the soil were con- 


sumed on the farm. Here, asin the previous example, 80 per cent of 


the food consumed was returned to the soil. The approximate .loss 
from the soil under the system amounted to 991 pounds of phosphoric 
acid, 2,435 pounds of potash, and 2,463 pounds of nitrogen. Deduet- 
ing the nitrogen accumulated in the soil through the agency of the 
clover crop, the net loss of nitrogen is less than 1,000 pounds. Another 
advantage of growing clover, as pointed out, is that a deep-feeding 
crop, like clover, will bring up the fertility from the lower layers of the 
soil and concentrate it in the surface soil. This is especially desirable 
in potato farming which makes a heavy draft on the fertility of the 
soil, especially the potash. 

In the example of stock farming selected for study, 25 acres were sown 
to oats, 20 to barley, 10 to corn, 5 to peas, and 1 acre each to potatoes 
and millet. The remainder of the farm was in meadow and pasture. 
The stock kept in this case comprised 10 beef cattle, and 10 dairy cows, 
10 horses, 5 steers, 10 head of young stock, 30 sheep, and 20 hogs. Five 
steers of 1,000 pounds each, 5 head of young stock, 5 horses, 10 hogs 
of 250 pounds each, and 1,500 pounds of butter were sold from the 
farm. All the crops grown, including 40 tons of timothy and 30 tons 
of clover, were consumed on the farm. Eighteen tons of food material 
and 5 cords of wood were purchased and consumed, besides the crops 
produced, Under these conditions there was approximately a gain of 
30 pounds of phosphoric acid, and a loss of 50 pounds of potash, and 
898 pounds of nitrogen. The loss of nitrogen was more than balanced 
by the gain due to the clover crop, so that on the whole there was 
practically no loss of fertility from the farm. 

In the example given of a dairy farm, 39 cows, 5 head of young stock, 
4 horses, and 20 pigs constituted the stock kept on the farm. The 
crops raised were 10 acres of wheat, 20 of oats, 10 of corn, 7 of rye, 5 
of oats for hay, 2 acres each of roots and peas, 1 each of millet and 
potatoes; 25 tons of both clover and timothy were produced, and the 
remainder of the farm was mainly in pasture. Sixteen pigs of 250 
pounds each and 4 head of young stock, 5,000 pounds of butter, and all 
the wheat and rye produced were sold from the farm, while the rest of 
the products were consumed as feed and 80 per cent returned to the 
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soil as fertilizer. Ten tons of feed and 5 cords of wood were purchased 
and consumed in addition to what was produced on the farm. The 
figures given for dairy farming show a gain of 76 pounds of phosphorie 
acid and a loss of 85 pounds potash, and 809 pounds nitrogen. The 
loss of nitrogen, however, is again more than offset by the gain through 
the clover crop, so that there is practically no loss of fertility in dairy 
farming under proper management, but rather a constant gain. 

The loss of fertility under the different systems of farming is given 
in the following table. The gain of nitrogen through clover culture is 
disregarded in these figures: 


Approximate loss of fertility from 160 acres of land under different systems of farming, 


System of farming. seagate Potash. — —_— 
é . gen. é oT. 


Pounds. | Pounds. Pounds. 
2, 460 | 4, 020 5,6 18, 420 

1, 003 | 1, 047 g 5, 419 
991 2, 435 2, 365 6, 070 

a 35 | 59 3, 243 

a 76 | 85 809 1, 818 


All grain 
Mixed grain ard general 
Mixed potato and general....... 5 ntabe cle dics aiid aationd Ge coat a soma 


a Gain. 


These figures given * * * are not intended to convey the idea that an equiv- 
alent amount of each element must always be returned to the soil, but they are 
intended to show where the heaviest drafts fall on the soil with each system of 
farming. 

In making comparisons, the variations which are liable to occur should be kept 
in mind. In exclusive grain farming the loss of the nitrogen is greater than given 
because when the soil is continually uncovered by the cultivation of plowed crops 
some of the nitrogen is lost by drainage and by the decomposition of the humus, 
When clover is grown in the other systems of farming, the loss of the nitrogen is less 
than stated. 

The annual loss of phosphoric acid with exclusive grain farming is nearly 2,500 
pounds per 160 acres. With mixed grain or potato farming this loss is reduced to 
about 1,000 pounds. 

With stock farming, when all of the crops are fed to the stock on the farm anda 
small amount of milled products is purchased, there is practically no loss of phos- 
phoric acid and potash, except in the handling of the manure. When the manure is 
well cared for, the losses of these elements are both less than stated. 

In the case of dairy farming or stock farming, when all of the skim milk is fed on 
the farm and a part of the grain is exchanged for more concentrated milled products, 
there is no loss, but on the other hand a constant gain of fertility to the soil. 


COVER CROPS FOR ORCHARDS 


An orchard cover crop is a crop grown in the fall and winter to pro- 
tect the soil and trees of orchards, and at the same time to improve the 
soil. Unlike crops grown throughout the season, cover crops, as a rule, 
do not injure the trees by drying out the soil, for in many places heavy 
fall rains are the rule, and even where the weather during the fall is 
normally dry the injury is less than in summer, since plants evaporate 
less water from their leaves in the cooler weather and shorter days of 
fall than in the longer and hotter days of summer. Cover crops not only 
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do not, as arule, dry out the soil injuriously, but they also add directly 
to the moisture-holding capacity of the soil by the humus formed in 
their decay, and they, hold much of the snow until it melts and is 
absorbed by the soil. 

Another reason why cover crops are rarely as injurious as crops grown 
throughout the entire season and are often beneficial is that their growth 
is made after the trees have stopped growing and are maturing their 
wood for winter. The Michigan Station has shown that the majority of 
trees in that locality complete their growth by July. Of course, the 
conditions observed in Michigan do not occur in all climates or seasons, 
but they show unmistakably the tendency of trees to make their great- 
est growth early in the season. Trees therefore require much less 
moisture in the latter part of the season than they do in the early part. 
Indeed, in moist localities it is often thought to be a distinct advantage 
to stop cultivation by midsummer and grow some secondary crop which 
will check the growth of the trees and cause them to mature before 
winter. The Washington Station, in studying the unusually severe 
freeze occurring in the fall of 1896, found that in most instances late 
summer cultivation had an injurious effect similar to late irrigation. 
“Wherever cultivation or irrigation had been kept up late in the season 
and the ground was moist and the trees in an active growing condition, 
there the frost did most damage.” 

Among other benefits to be derived from cover crops is the checking 
of washing and leaching of the soil. Light soils are often gullied by 
heavy rains in the fall just as in summer, and some crop to bind such 
soils is beneficial. In the case of soil leaching and the consequent loss 
of plant food, especially nitrates, a crop is more valuable in the fall 
and early winter than earlier in the season, for in spring and summer 
the tree roots are in condition to take up much of the plant food as it 
becomes available; but from the time their leaves fall until the soil is 
frozen the plant food which would otherwise escape in the drainage 
water or be washed down beyond the reach of plants can be saved only 
by secondary crops, which grow until stopped by the severe weather of 
winter. Even in cases where the leaching of soils is not excessive a 
deep-rooting cover crop brings up plant food from the subsoil and leaves 
it near the surface to be used later by the trees. 

Besides preventing in part the loss of fertilizing elements from the 
soil, cover crops may serve as a direct fertilizer. For this purpose the 
well-known ability of leguminous plants to take nitrogen from the air 
and store it, so that it can be used later by other plants, is made use 
of. The use of such crops in ordinary farm rotations is well known. 
That they may be equally useful in case of orchard fruits is shown by 
tests at the New Jersey Station. Crimson clover was sown in the 
peach orchard on sandy soil in the latter part of July and the crop was 
plowed under in the latter part of the following May. ‘The cover crop 
retarded the growth of the trees somewhat in the spring, but after it 
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was plowed under they gained rapidly, and both wood growth and 
fruitage were more satisfactory than in the remainder of the orchard, 
which was fertilized with nitrate of soda. The use of leguminous 
crops, however, is not to be recommended in all cases. It often hap. 
pens that soils become too rich in nitrogenous fertilizers, and the trees, 
therefore, grow too vigorously, do not mature their wood well, and are 
unfruitful. In such cases leguminous crops should not be used. 

Cover crops may also improve the physical condition of the soil. In 
this connection the relation of humus to the water-holding capacity of 
the soil has been already noted. Hummus is also beneficial in changing 
the character of very heavy soils, making them more porous and lessen. 
ing their tendency to puddle in wet weather. Cover crops which live 
through the winter are of use in drying out heavy wet soils in spring 
so as to allow of cultivation. 

Cover crops may also be advantageous in protecting the trees and 
fruit. The Delaware Station reports lessened injury to fruit blown 
from the tree where the soil was covered with a crop of crimson clover, 
In the extreme North cover crops are thought to be of advantage in 
preventing deep freezing and alternate freezing and thawing of the 
soil and the consequent injury to the roots of trees. At the Delaware 
Station ground covered with crimson clover is reported as unfrozen 
when the temperature of the air was 14° F. In some cases a cover 
may be injurious rather than beneficial to trees and fruit through the 
protection afforded to insects, mice, etc. 

To secure the best results with a cover crop that lives over winter, 
it should be plowed under early in the spring while it is still succulent 
enough to decay rapidly. A crop plowed under late in the spring after 
it has become more or less woody will decay slowly, keep the soil too 
loose, and thereby serve to dry it out rather than retain its moisture. 
In many regions the crop may also do injury by the evaporation of 
moisture from its leaves if allowed to grow too late in spring. 

The kind of crop that should be grown for winter cover must be 
determined by local conditions. In general the best crop is one that 
can be sown after tree growth stops, continues growth late in the fall, 
makes a close, thick cover, lives over winter, and furnishes considerable 
green manure. Nevertheless some crops which winterkill furnish con- 
siderable winter protection and serve fairly well the purpose of a green 
manure. Red clover and alfalfa, though good green-manure crops in 
general farming, are not suitable as a rule for growth in orchards, since 
they do not start well late in summer and require too much time to reach 
their full development. At the Canada Experimental Farms alfalfa 
and red clover proved inferior to mammoth clover. A mixture of alfalfa 
and mammoth clover, however, made a good cover; the mammoth clover 
covering the ground thickly below the taller and more slender alfalfa. 
Mammoth clover was considered the most satisfactory cover crop for 
Cavada. It germinated promptly, soon took possession of the ground, 
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and began growth early in the following spring. At the New York 
State Station mammoth clover formed a dense covering and remained 
alive over winter, comparing favorably with winter vetch and winter 
rye. A mixture of the latter formed a perfect mat of vegetation and 
remained green over winter. At the New York Cornell Station the 
European vetch sown early in summer, though starting slowly, madea 
thick cover by the middle of September. It remained green and con- 
tinued growing for some time after frost, the vines standing 2 feet high 
at the beginning of winter. On the approach of hard-freezing weather 
it fell, forming an even, carpetlike cover, and by spring the plants were 
decayed so they could easily be plowed under. The seed must not be 
sown too early for best results with summer cultivation, but the plant is, 
nevertheless, considered one of the best for New York. It is recom- 
mended to sow the seed the last of June or first of July or,if in very 
good soil, as late as the last of July. Soja beans and cowpeas have 
been successfuly grown in peach orchards in Connecticut. In Canada 
they are reported to have grown rapidly, but were killed by the first 
frost and did not make as good a cover as rye, buckwheat, or field peas. 
Cowpeas, and perhaps velvet beans! also, may prove valuable in the 
Southern States, but are not so well suited to the North. Both the New 
York stations report cowpeas as making a good growth, but the seed 
must not be sown too early to allow of the best cultivation. The plants 
are killed by the first frost, lose their leaves, and afford little winter pro- 
tection. Field beans, while better than no cover, are open to the same 
objections as cowpeas. Field peas are often grown as a cover crop. 
At the New York Cornell Station field peas sown in the middle of 
August produced vines from 2 to 3 feet long and remained green after 
frost, making a good mulch. When sown as late as the middle of Sep- 
tember they did not make a satisfactory cover. At the New York State 
Station Canada peas and buckwheat and blue peas and buckwheat 
gave satisfactory results, both mixtures making a good growth and the 
peas remaining green until winter. The growth of the Canada peas 
aud buckwheat was so great as to interfere with the gathering of winter 
apples. Field peas are considered among the best crops for winter 
cover at the Nebraska Station, though most crops make a rather small 
growth in the dry falls of that region. Crimson clover?’ is considered 
an ideal cover crop wherever it withstands the winter, though it does 
not thrive on hard, poorly tilled soil as well as many other crops. Itis 
teported by the New Jersey Station as being hardy throughout the 
State and considered much more economical than city manure as a 
nitrogenous fertilizer. It may be sown there from the middle of July 
to the middle of September. According to the Delaware Station, it is 


; grown largely in the peach orchards of that State. It sends its roots 


toa depth of 4 feet even in hard soil, flourishes on poorer soil than red 


U.S. Dept. Agr., Farmers’ Bul. 78 (Expt. Sta. Work—V), pp. 12-14. 
7U.8. Dept. Agr., Farmers’ Bul. 69 (Expt. Sta. Work—III), pp. 8-10. 
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clover, and makes its growth during the fall, winter, and spring, growing 
when wheat and even rye seem dormant. In spring the sod is plowed 
in such a way as to leave many of the clover heads above the soil, to 
ripen and reseed the orchard. On poor soil cowpeas are sometimes 
grown during summer, and are followed by crimson clover sown in the 
pea vine’ in August. This practice is also recommended by the Vir. 
ginia Station. Crimson clover has not proved entirely hardy at the 
Rhode Island, Michigan, New York State, and New Hampshire stations 
and at the Canada Experimental Farms, and was not satisfactory at the 
Nebraska Station on account of dry weather in the fall. In the locality 
of the New York Cornell Station crimson clover winterkills if sown too 
late. About the middle of July or first of August is recommended as 
the best time to sow it. If sown earlier, it matures and dies before 
winter. Failures with crimson clover are frequent, but no more so than 
with red or mammoth clover sown at the same time. 

Where a nitrogenous fertilizer is not desired, rye is a good cover 
crop. It is also useful on very light sandy soils, and on very hard 
lumpy soils where other crops are not easily grown. A few years’ 
growth of rye may improve such soils sufficiently to permit of the use 
of other crops. Turnips have been recommended for use on hard dry 
land, where other crops do not start readily. Sown late in July, they 
are said to make a good cover in the locality of New York Cornell 
Station. Rape! may also serve a useful purpose as a cover crop. At 
the New York State Station dwarf Essex rape made a very rank 
growth, sufficient to interfere with gathering winter fruit. It seemed 
to furnish hiding places for mice, which girdled the trees badly. This, 
however, may occasionally be true of any heavy cover. Corn sown 
thickly one and one-half to two months before frost makes a good 
winter cover, though killed quickly by cold weather. Buckwheat is 
also good for the same purpose if sown so as to reach its full height 


but not to produce seed before winter. Among other plants of more [| 


or less value as cover crops, oats, wheat, barley, millet, and spurry are 
sometimes recommended. 


CULTIVATING v. CROPPING ORCHARDS. 


Whether orchards shall be cropped or given clean cultivation, how 
cultivation shall be done, whether it shall be continued throughout the 
season, and similar problems depend very largely on local conditions 
of soil, climate, and the like. It is evident, therefore, that no definite 
rules can be given for the cultivation of orchards in all localities. The 


principles underlying successful culture, however, are the same every: [ 
where, and therefore a knowledge of them will aid in deciding local } 


questions. 
Various experiment stations have conducted experiments to find out 


what methods give best results and why they do so. At the New York 





1U.S8. Dept. Agr., Farmers’ Bul. 78 (Expt. Sta. Work—V), pp. 9-12. 
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Cornell Station it was found that the roots of trees only 5 or 6 years 
old have a greater spread than the tops. For instance, the roots of 
an apple tree in rich, cultivated soil extended 8 feet from the trunk, 
while the entire top was not over 8 feet across. Another apple tree in 
sod, with a top only 6 feet across, had roots 10 feet long. A pear tree 
in poor soil had roots 21 feet long, while its entire top measured only 7 
feet across. The roots of an apple tree which had stood in sod sinee 
planting were just beneath the surface of the soil, while the roots of 
those in cultivated soil were nowhere less than 8 inches from the sur. 
face. These facts show that if orchards are to be cultivated at all they 
must be cultivated from the first, since otherwise the roots grow so 
near the surface as to be injured by plowing and cultivation. They 
also show that to get the full benefit of cultivation all the space between 
the trees must be cultivated. 

At the Nebraska Station a study was made of the effect of cultiva- 
tion on the growth of apple trees, the size of fruit, and the water con- 
tent of the soil. A small orchard was divided into three parts, one of 
which was cultivated regularly and the other two leit in grass and 
weeds, one of the latter being mowed and the other pastured by hogs. 
The report says: “Trees in cultivated ground suffered noticeably less 
from the drought and hot winds of summer than those in sod ground. 
The foliage was darker and more vigorous in appearance, and there 
was no yellowing and dropping of the leaves nor wilting during hot 
windy days, both of which occurred with uncultivated trees. Apples 
from cultivated land averaged nearly 14 per cent larger in weight than 
those from pasture land and over 17 per cent larger than those from 
mowed land.” The average percentages of moisture in the first 20 
inches of the soil in the different portions of the orchard in the latter 
part of October were: Mowed portion, 14; pasture portion, 14.7; por- 
tion cultivated until August 1, 17, and portion cultivated the entire 
season, 20.4. The next season the results were practically the same. 
The average percentages of moisture in the first 24 inches of soil in the 
last of August were: Pasture part, 14.6; mowed, 14.6; cultivated, 21.2. 
The differences in moisture were greater at a depth of 6inches than 
the average differences given above, and were noticeable even at a 
depth of 20 inches. Observations on some grass land near the orchard 
showed that alfalfa only 2 years old took the moisture from the soil as 
completely as an old June grass sod. These facts show how very nece- 
essary cultivation is in a dry climate. That the same is true in dry 
Seasons in moister climates is shown by observations at New York 
Cornell Station. Part of an orchard was given clean cultivation and 
another part was seeded to field peas in the spring, to be grown asa 
green manure crop. In the fall the percentages of moisture at a depth 
of 12 inches in the green manure plat were 8.7 to 9.6 and in the culti- 
vated plat 11.3 to 12.8. Moreover, in the cultivated soil the moisture 
was (listributed to within 2 inches of the surface of the soil, while in the 
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soil growing field peas the first few inches were exceedingly dry. The 
tree growth was less vigorous and the leaves lighter colored on the 
green manure plat than on the other. The leaves of peach trees on 
the cultivated plat were perfect, while on the green manure plat they 
turned yellow and fell. Similar differences were seen in the case of 
apricots, pears, and plums. 

The California Station has recently reported an instance of the bene. 
ficial etfect of cultivation on the growth and fruitfuluess of orchards, 
Apricots grown in adjacent fields under exactly the same conditions, 
except for cultivation, showed great difference in behavior (fig. 3), 
The soil of the region in which the orchards are located has a rather 
loose texture. One orchard was cultivated several inches deep and 
the other was uncultivated. During one season the trees in the 
cultivated field made a wood growth of over 3 feet, while those in the 
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Fig. 3.—Cultivated (A) and uncultivated (B) apricot trees in a dry season. 


uncultivated field made a growth of not over3 inches. There was also 
a great difference in the fruit. The average percentage of moisture in 
the first 6 feet of soil was 6.3 in the cultivated orchard and 4.2 in the 
other one. A recent bulletin of the Illinois Station reports marked 
benefit from clean cultivation of an orchard. In 1890 three rows each 
of Ben Davis and Grimes Golden apples were planted, the trees being 
set 15 feet apart each way. These were divided into 4 plats, the first 
being given clean cultivation and the second, third, and fourth being 
cropped with oats, clover, and blue grass, respectively (fig. 4). Thesame 
treatment was continued each year after planting. The trees grown on 
the grass plats were decidedly inferior to those grown on the cultivated 
plat as regards height, diameter of trunk, vigor, and abundance of 
foliage, etc. For instance, in the case of the Ben Davis trees the 
diameter of the trunks 1 foot above the surface of the soil was about 
twice as great in the case of the cultivated plat as in case of that in 
grass. Similarly the height of the trees in the two plats averaged 18} 
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and 11 feet, and the diameter of the tops 154 and 8} feet, respectively. 
In the growth and vigor of trees, the clover plat ranked next after the 
cultivated plats, and the oats plat ranked between the clover and blue 
grass plat, An examination of the root systems of trees on the different 
plats also showed the superiority of clean cultivation, especially over 
cropping with oats and grass. In the cultivated plat the root system 
was compact and reached a considerable depth, while in the oats and 
grass plats the roots grew shallow and ranged widely from the tree. 
There was also a difference in the moisture content of the soil in the 
different plats. In the latter part of October, 1897, the average per- 
centages of moisture in the first 27 inches of soil of the various plats 
were for the cultivated and corn plats 12, for the clover plat 10, and 
for the oats and grass plats 8. The effect of the different treatments 
is seen in figure 4 which shows a typical tree from each of the 4 plats. 
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Fic. 4.—Effect of different systems of culture on the growth of apple trees: A, clean cultivation; 
B, cropped with oats; C, cropped with clover; D, cropped with blue grass. 


The injury caused by growing grass in young orchards is shown very 
emphatically by an experiment conducted at the Utah Station. Parts 
of an orchard were seeded to alfalfa, timothy, clover, and a mixture of 
timothy and clover soon after the trees were set, and other parts were 
cultivated, all being irrigated alike. Over half of the trees in the 
grass plats died and were reset twice, while the cultivated trees lived 
and grew well. Itis not to be expected that growing grass in young 
orchards is always as injurious as it proved to be at the Utah Station, 
yet the reported experiences of fruit growers and experimenters every- 
Where show the importance of carefully cultivating young orchards. 
Even in a climate as moist as that of England grass proves very detri- 
mental to young trees. At the Woburn Experimental Fruit Farm a 
mixture of grass recommended for orchards was sown around young 
apple trees and other trees were cultivated, the two lots being treated 
alike in other respects. The second year after sowing the grass the 
trees in the grass plat made 55 to 41 per cent less leaf growth and 
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74 to 87 per cent less wood growth than trees in the cultivated plat, 
In the case of dwarf trees bearing fruit for the first time the grass 
reduced the yield 71 per cent in weight and 82 per cent in value, 
Grass sod was much more injurious than weeds which lived but one 
year, 

From the experiments referred to above it would appear that the 
growth of grass, weeds, and even such plants as field peas, through the 
entire season without cultivation, especially in young orchards, is to be 
regarded as an injurious practice. The growth of grass, weeds, and 
cereal crops makes impossible cultivation, which would not only cheek 
evaporation of water from the soil, but would also prepare the soil to 
hold more of the rainfall, make piant food available to the trees, send 
the tree roots down to the subsoil, and the like. Aside from prevent- 
ing cultivation, the crops noted evaporate a great amount of water 
through their leaves, and, if removed from the orchard, rob it of fertility, 

Notwithstanding all this, it must not be inferred that clean cultiva- 
tion is best in all cases. If the trees are set in fertile soil there is 
usually no injurious effect from growing a secondary crop between the 
rows while the trees are young and their roots do not occupy the entire 
soil, but the secondary crop should always be one that requires careful 
cultivation and does not evaporate moisture excessively, such as beans, 
peas, potatoes, cabbage, squashes, melons, and the like. The crops 
noted, and other similar ones, if not planted too close to the trees, do 
not hinder cultivation, and they evaporate comparatively little moisture, 
As an example of this, it has been shown at the Nebraska Station that 
in midsummer the moisture content of the soil of well-cultivated plats 
of cabbage, beans, peas, and potatoes was but little less than that of cul- 
tivated fields in which no crop was growing. Such plants as squashes 
and melons may hinder cultivation late in the season, but that is usu- 
ally not a disadvantage, as shown later. As the trees grow the crops 
should be planted farther from them until the tree roots occupy all the 
ground, when it is usually best to discontinue growing secondary 
crops. Orchards with trees set 20 feet apart should rarely be cropped 
more than three years, but apple orchards can often be cropped for 
seven or eight years. When the trees begin to bear it is usually time 
to stop cropping the orchards. 

Aside from the growth of secondary crops in orchards, there are other 
cases where clean cultivation is not best. It often happens that in very 
rich soil or in very moist localities fruit trees grow vigorously, but do 
not fruit well. It is then necessary to do something to check the 
growth and induce fruitfulness. This may often be accomplished by 
seeding the orchard to grass. How long grass should be allowed to 
remain can be determined only by the growth, fruitfulness, and appear- 
ance of the trees. If the growth becomes very weak and the leaves 
are light-colored it is an indication that cultivation should be resumed. 
Indeed, it should have been resumed before these conditions appeared. 
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Another case in which clean cultivation is not best is where orchards 
in very light soils are subject to the washing and leaching of heavy 
rains. In such cases it may be advantageous to grow a secondary crop 
in summer, to hold the soil and prevent the washing out of food mate- 
rials. This binding of orchard soils 
by means of secondary crops may 
well be combined with the improve- 
ment of the soil by green manuring. 
In the majority of cases, however, 
this treatment will be found unnec- 
essary. But even where summer 
treatment is not necessary it is often 
well to grow some crop to protect 
the soil and trees during winter and 
to improve the soil. In this case, 
then, clean cultivation during the 
first part of the season may be fol- 
lowed later by the use of some cover 
crop. 


APPLICATION OF WATER PRES- 
SURE TO TRANSPLANTED TREES. 


The Wisconsin Station has re- 
cently reported experiments in ap- 
plying slight water pressure to the 
roots of newly transplanted trees as 
a means of promoting the starting 
of their buds, thereby preventing 
failure in transplanting. <A vessel 
containing a small quantity of water 
is supported at a height equal to or 
slightly exceeding that of the tree 
and connected by a tube with a root 
of the tree, so that the pressure ex 
erted by the column of water in the 
tube is communicated to the water 
within the tree. In the tests made 
at the station a flask of water was 
supported on a stake driven in the 

Fig 5.— Apparatus for applying water pressure 
ground near the tree and a rubber to transplanted trees. 
tube used to connect the flask with 
the root. A simpler and more substantial form of apparatus is recom- 
mended for general use (fig. 5). A cup with a small opening in the 
bottom is soldered to one end of a small gas pipe and a cap screwed 
on to close the other end. Near the closed end the pipe has a T con- 
hected with a brass nipple to which a short rubber tube is attached. 
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The soil is removed from the end of a root and the closed end of the 
gas pipe shoved into the ground near enough to the tree to allow the 
rubber tube to slip over the end of the root. The end of the rubber 
tube is then closed with a cork and the apparatus filled with water, 
when the cork is removed and the end of the tube slipped over the end 
of the root and tied with a cord. 

The effect of the water pressure was often very quickly noticed, some. 
times within forty-eight hours. Pressure was applied in the latter part 
of May, 1896, to a small purple beech tree which had been planted in 
April but had shown no indications of opening its buds. Six days 














| 


=~ yy ys Met eetees H 
wre . te < 
nw WANN Uy AMINA i nes 


Se WM MA Vs 


DIZ 0h as hive aha mn 
AAA Ss “¢ 


Wy Aes 





13 

i 
Ea 
z 
iS 
4 
\ 


{Ss 


\i 4 
Wii \ 


Fia. 6.—Effect of artificial root pressure on the opening of buds. 


later the buds had opened sufficiently to show the leaves plainly. In 
the middle of May, 1896, water pressure was applied to a tree of the 
“City” plum which had been planted nearly a month previous. Several 
leaf buds had opened but had been dried up by hot, dry weather. A 
week after the pressure was applied many buds which had not opened 
before began to swell, and in about another week the leaves were push- 
ing out vigorously. In the spring of 1897, twenty Whitney crab-apple 
trees were planted in rather poor, dry soil. The roots of these trees 
had been exposed for a time during the winter to the warm, dry atmos- 
phere of the garden house, having been used by students in lessons in 
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transplanting, and had then been kept in damp soil in acellar. During 
the four days preceding planting the roots were exposed to the air but 
protected from the rain and snow. The trees were planted in the lat- 
ter part of April without special care, and water pressure was applied 
toa root of each alternate tree. The weather was clear, with occasional 
showers. In one week after planting, the buds on the trees supplied 
with water pressure began to open, and in two weeks every tree thus 
treated was starting well. During the next two weeks, with dry, clear 
weather, the treated trees continued with one exception to expand their 
leaves. By this time the buds on one of the untreated trees began to 
start, but those on the other untreated trees showed no sign of start- 
ing. (See fig. 6.) Later the ground was well irrigated and mulched. 
All the trees ultimately grew except two, both failures being in the 
untreated lot, and by fall little difference could be seen between the 
trees of the treated lot and the live ones of the untreated lot, showing 
that the advantage of the treatment is only in starting growtb. 

The apparatus has not thus far been tested on trees more than four 
years old nor on evergreens. Whether it will be found advantageous 
to use this treatment in transplanting large trees can not be said at 
present. Whether it is found economical in ordinary work or not, it 
will undoubtedly prove a very valuable means of preventing failure in 
transplanting trees under unfavorable conditions, especially in the case 
of rare or otherwise specially valuable trees. 

In regard to the practical value of the treatment the bulletin says: 

Trees of which the bark is shriveled and the buds blackened by undue drying, or 
of which the roots have been killed by severe freezing ina dry soil, can not be saved 
by this treatment; but trees of which the bark and buds are plump, that are unable 
to expand their leaves even when the soil about their roots is moist, may generally 
be assisted to do so by the apparatus here described. The treatment will probably 


have especial value for trees that it is desired to plant without severe cutting back 
of the top. 


THE FECUNDITY OF SWINE. 


The impression is prevalent among farmers that pure-bred swine are 
unprofitable for breeding purposes, as it is thought that as purity of 
breed increases fecundity decreases. The question of the fecundity of 
improved breeds of swine was investigated recently by the Indiana Sta- 
tion. The number of pigs farrowed and raised in the first and the last 
200 litters recorded in the registers of Berkshire, Poland-China, and 
Chester White pigs were compiled. In comparing the litters, 100 litters 
were selected in which the sows were recorded, and 100 in which the 
boars were recorded. The dates of farrowing of the first 200 litters 
varied through a number of years. The last 200 litters were almost all 
farrowed in 1896. The popular opinion was not confirmed by this 
investigation. 
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While there seems to be a reduction in the number of very targe sitters, the total 
number farrowed is about the same as shown by the first records. 

It is not the intent to compare breeds, but to compare the earliest and latest rec. 
ords of litters, to determine whether there has been a real gain or loss in the fecundity 


of the breed. 
The number of boars and sows raised was as follows: Berkshire, 400 litters, 2,866 


pigs, 1,498 boars, 1,368 sows; Poland-China, 1,000 litters, 6,542 pigs, 3,228 boars, 
3.314 sows; Chester White, 600 litters, 4,555 pigs, 2,236 boars, 2,319 sows. In a total 
of 3,693 pigs farrowed, and all raised, there were 1,786 boars and 1,907 sows. 


FOOD VALUE OF HENS’ EGGS. 


Eggs are generally regarded as a valuable and nutritious food, 
According to a large number of American analyses, an egg on an aver- 
age weighs 2 ounces and has the following percentage composition: 
Shell, 10.5; water, 66; protein, 13.1; fat, 9.5; and ash, 0.9. A side of 
beef contains on an average about the same percentage of protein, but 
a larger percentage of fat. Eggs belong to the nitrogenous group of 
foods, and would naturally and quite properly be combined in the diet 
with materials supplying carbohydrates (sugar and starch), such as 
cereals, potatoes, ete. 

The California Station has recently reported an extended study of 
the physical properties and chemical composition of eggs, the chief 
object being to determine whether there was any basis of fact for the 
popular opinion that eggs with brown shell have a higher food value 
than those with white shell. The brown-shelled eggs were from Par- 
tridge Cochins, Dark Brahmas, Black Langshans, Wyandottes, and 
Barred Plymouth Rocks, and the white shelled eggs from Brown Leg- 
horns, Buff Leghorns, White Minorcas, and Black Minoreas. The size, 
weight, specific gravity, and the ratio to total weight of the shell, yolk, 
and white are shown in the following table: 


Comparison of brown-shelled and white-shelled eqqs. 


Sascitie Num- Edible portion. 


Weight. Length Width. grav. PTO! shen. : — 
ity. pound. ao Yolk. | White. 





| | 
Brown-shelied eggs (aver- | Grams. Inches.| Inches. Per ct. | Per ct. Per ct. | Per ct. 


age of 6 breeds) 59.4 2. 27 1. 69 . 08 . 67 10. 70 89. 30 31.76 


White shelled eggs (aver- | 
age of 4 breeds) .-.....- 


| 
10.92 | 89.08 33.18 | 59.90 


Average of above .. b1. , 72 1. 070 10. 81 89.19 , 32.47 56. 72 
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The composition of the eggs of the differént breeds is recorded in 
detail. The averages are given in the following table: 


Analyses of brown-shelled and white-shelled eggs. 


Water. Protein. Fat. Ash. Shell. Total. 


Bruwn-shelled eggs: Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 
Yolk 49. 59 15. 58 33. 52 1. 04 99. 73 
White 86. 60 11.99 al ‘ 99. 34 
Entire egg..-.......- . 65. 57 11. 84 10. 77 . 64 2 99. 52 

White-shelled eggs: 

Yolk 49. 81 15.49 33. 34 . OF 99. 69 
86. 37 12. 14 . 35 . 56 99. 42 
Entire egg 64.79 11. 92 | 11. 22 . 92 99. 52 


It has been said by some that the brown eggs are richer than the white ones, 
This statement is not borne out by a chemical analysis, and the physical examina- 
tion proves that the main points of superiority, though extremely slight, are possessed 
by the white eggs. The minute differences that are found between the two groups 
are exceeded by variation between the varieties within the same group. 

We can therefore state as a conclusion, both from a chemical and a physical point 
of view, that there are practically no differences, so far as the food value is con- 
cerned, between the white-shelled and brown-shelled eggs. 

The Michigan Station has recently reported a study of the chemical 
composition of eggs from different breeds of hens. These were Brown 
Leghorns, Barred Plymouth Rocks, Buff Cochin, Silver Gray Dorkings, 
White Wyandottes, and Partridge Cochin. The variation in composi- 
tion of the eggs of the different breeds was too small to be regarded as 
of any practical value. It would undoubtedly be no greater than the 
variations between different samples of eggs from the same breed. 
The effect of the character of rations on the composition of eggs was 
also tested with two lots of Barred Plymouth Rocks, Wyandottes, and 
3rown Leghorn hens. The test covered six weeks. Lot 1 was fed a 
mixture of 1 part of meat scraps, 8 parts of wheat, and 1 part of oil 
meal. Lot 2 was fed with a mixture of 7 parts of corn, 1 part of tallow, 
aid 2 parts of rice meal. Both lots were given lettuce and oyster 
shells in abundance. No marked variation in the composition of the 
eggs due to different rations was observed, but the test is not regarded 
as conclusive, since it was of short duration. 

The value of any food is determined not alone by its composition, 
but also by its digestibility. It is evident that if two foods have the 
same composition, but owing to physical properties or other cause the 
first gives up twice as much material to the body inits passage through 
the stomach as the second it is much more valuable. In connection 
with other work the digestibility of eggs was studied at the Minnesota 
Station. Five experiments were made by means of a pepsin solution 
todetermine the digestibility of eggs cooked under different conditions, 
Eggs were cooked for 3 minutes at 212° F., giving a “soft-boiled” egg, 
and for 5 minutes and 20 minutes at the same temperature. An egg 
boiled 3 minutes and digested for 5 hours in pepsin solution, compared 
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with one boiled 20 minutes and treated in the same way, showed 8,3 
per cent undigested protein in the former, against 4.1 per cent undi- 
gested protein in the latter. Under similar treatment the egg boiled 5 
minutes gave 3.9 per cent undigested protein. 

Another trial was then made, in which the eggs were cooked for 
periods of 5 and 10 minutes in water at 180° F. In both of these cases 
the protein was entirely digested in 5 hours. 

These results would indicate that while the method of cooking hag 
some effect upon the rate of digestibility, it does not materially affect 
the total digestibility. The results agree quite closely with those 
reported some years ago by Rubner, a German investigator, who found 
that 97.1 of the protein of hard-boiled eggs was digested. 

At the Minnesota Station a digestion experiment was also made with 
a healthy man,in which a very considerable portion of the nitrogenous 
material and fat of the ration was furnished by eggs, the other foods 
eaten being potatoes, milk, and cream. About 90 per cent of the total 
nitrogenous material and 90 per cent of the fat consumed were digested, 
In experiments at the University of Tennessee with healthy men ona 
diet of bread, milk, and eggs from 90 to 95 per cent each of the protein 
and fat were digested. The conclusion therefore seems warranted 
that, as shown by composition and digestibility, eggs possess the high 
nutritive properties which are popularly assigned to them. 

For a number of years this Department has been carrying on food 
investigations in different parts of the country. One of the objects was 
to learn the kinds and amounts of food consumed by persons engaged 
in various occupations and the relative cost of such foods. Compared 
with other foods at the usual prices, eggs at 12 cents per dozen were 
found to be a cheap source of nutrients; at 16 cents per dozen, they 
were fairly expensive; and at 25 cents per dozen and over they were 
very expensive. 


THE SWEET POTATO AS A STARCH PRODUCER. 


By far the larger part of the starch of commerce is at present manu- 
factured from corn, potatoes, and rice. Potatoes are largely used on 
the continent of Europe, rice principally in England, but corn almost 
exclusively in America. In selecting a starch-producing plant two 
things must be taken into consideration, (1) the amount of starch 
yielded per acre and (2) the cost of separating the starch. The gen- 
eral use in the United States of corn as a starch producer is undoubt- 
edly due to its widespread culture, its high content of starch, and the 
ease and cheapness with which the latter is produced, While it is not 
likely that any of our common crops can successfully compete with corn 
asa starch producer under the ordinary conditions at present prevailing 
in the United States, there may be special conditions under which the 
utilization of other starch-producing plants may prove profitable. 

The sweet potato has frequently been suggested as a possible profit- 
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able starch producer, but little has actually been done to determine its 
value for this purpose. The South Carolina Station has recently made 
some studies on the sweet potato which have an important bearing on 
this point. Analyses of samples of potatoes from different sources 
showed an average starch content of over 20 per cent, running as high 
as 26 per cent in some cases. In two samples the starch was separated 
mechanically. In the first, which chemical analysis showed to contain 
92,82 per cent of starch, 20.61 per cent was obtained by mechanical 
means; the second, containing 21.74 per cent, yielded 19.96 per cent by 
mechanical separation. The material thus separated was quite pure, 
containing 96 per cent of pure starch. 

Assuming a yield of 20 bushels, or 1,200 pounds, of wheat per acre; 
35 bushels, or 1,960 pounds, of corn, and 200 bushels, or 1,200 pounds, 
of sweet potatoes, the yield of starch is estimated to be: From wheat, 
684 pounds; corn, 1,283, and sweet potatoes, 2,640. It is thus seen 
that the amount of starch yielded per acre by sweet potatoes is largely 
in excess of that yielded by cereals. The sweet potato also appears to 
have some advantage in this respect over the white potato, which is so 
largely used in Europe. 

Jesides the question of the yield of starch, however, there are other 
things to be taken into consideration, viz, the cost of production of the 
sweet potato, the changes that may take place in storage, the cost of 
manufacturing the starch, and, finally, the properties of the starch itself. 

It is claimed that a given amount of starch is produced at much less 
cost in sweet potatoes than in cereals and white potatoes. <A fact 
which must be taken into account, however, in considering the value of 
the sweet potato for starch manufacture is that there is a considerable 
change of starch into sugar in storage. 

The Texas Station found that ‘“‘a sweet potato containing 2.77 per 
cent of total sugar originally, when kept for a month and a half, 
increased its total sugar content to 11.63 per cent, and in four months 
still further increased it to 13.8 per cent.” The extent of the loss from 
this source, of course, depends largely upon the length and manner of 
storage. 

The questions involving the manufacture of the starch on a large scale and the 
fitness of the product for sizing and other purposes can be best determined by a 


factory test. It is believed that the results already obtained are sufficiently promis- 
ing to justify those who are interested in this subject in trying to have a factory 
test made. ea 

While in communities near large markets the sweet potato always brings a good 
price, yet in districts removed from market facilities it hardly pays to ship them, 
and it is in the latter districts that starch factories could no doubt be placed with 
advantage. 


An important factor to be taken into consideration in this connection 
is the character of the refuse left alter extracting the starch. Corn 
contains considerable amounts of protein, and when used for the man- 
ufacture of starch furnishes by-products rich in this constituent, and 
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therefore very valuable feeding stuffs. Gluten meal and feed are 
examples of these by-products. Sweet potatoes, on the other hand, 
contain much less protein, and would therefore furnish a much less 
valuable by-product. 









THE TOAD AS A FRIEND OF THE FARMER. 





Great and beneficent results are often accomplished through very 
humble agencies. Darwin has established the claim of the earthworm 
to the gratitude of the tiller of the soil, and modern science is reveal- 
ing thousands of hitherto unseen and unknown agencies working in 
the interests of man. Science now comes forward to establish what a 
few have long maintained, viz, that the ugly and despised toad is a 
faithful and efficient servant of the farmer. 

From the earliest times, as a bulletin of the Massachusetts Hatch 
Station states, the toad has been associated in the popular mind with 
a host of “vague and ludicrous fancies as to its venomous qualities, its 
medicinal virtues, or, most commonly, the hidden toadstone of priceless 
value.” ‘lo these venerable creations of the imagination have been 
added others equally absurd, such as “that touching toads will produce 
warts on the hands; that killing toads will produce bloody milk in cows; 
that a toad’s breath will cause convulsions in children; that a toad in 
a newly dug well will insure a good and unfailing supply of water, or 
in a new-made cellar will bring prosperity to the household, ete.” 
This station has made an investigation of the habits, food, and eco- 
nomic value of the American toad which dispels these fallacious ideas, 
and at the same time establishes the claim of the little animal to our 
consideration and appreciation. 



















In New England the toad usually emerges from its hibernating quarters during 
the month of April. Cold weather retards its movements, but on warm days at this 
season the toads may be found on their way to the ponds and stagnant pools, where 
a little later the characteristic shrill cry may be heard throughout the day and 
evening. Mating is commenced as soon as the water is reached, or even before, and 
in a few days the long slimy ‘‘ropes” of eggs deposited by the female may be found 
in the pools. The eggs are nearly black in color and rapidly increase in size. In 
two weeks the young tadpoles are clearly outlined, and in three or four weeks the 
eggs hatch. The vegetable detritus of the pond bottoms and the slime and alge 
attached to sticks, plants, etc., seem to be the common food of the tadpole. Warm 
weather favors the growth of the tadpoles, and usually by July 1 to 15 the young 
toads are fully developed, leave the water and spread over the fields. At this stage 
they are exceedingly sensitive to heat, and secrete themselves under leaves, rubbish, 
stones, etc., during the day; but let a vigorous shower descend and the transforma- 
tion is magical. The walks, roads, and gardens at once become peopled with myri- 
ads of these thirsty, leaping creatures, and their sudden appearance has led to the 
popular belief that they ‘‘rain down.” It is fortunate for them that when young 
they are unable to endure solar heat, otherwise large numbers would probably be 
destroyed by the birds which are active during the day; doubtless many are killed 
by the predaceous birds and mammals which prowl by night. 
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Many conflicting statements have been made regarding the longevity 
of the toad, but “there can be but little doubt that toads live to a con- 
siderably greater age than is supposed, and we may hazard the opinion 
that many of them reach an age of at least 10 or 15 years.” 

Experiments have been made which ‘show that it is possible for the 
toad to exist for a limited time without food, but throw a shadow of 
improbability upon the stories of those found in rocks, trees, ete.” 


When suddenly disturbed or roughly handled the toad ejects a colorless fluid from 
the anus and a milky liquid from the skin. ‘This habit is probably the basis for the 
belief that the toad is venomous. ‘The secretion of the skin glands is harmless when 
applied to the hands, but it evidently possesses acrid properties, since when toads 
are bitten by dogs or cats the latter usually have a copious flow of saliva, show 
signs of discomfort, and in some cases coming under the observation of the writer 
have manifested considerable distress. That this fluid is not objectionable to all 
animals is apparent from the fact that many hawks, owls, ete., include the toad in 
their bill of fare. 


The toad sheds its skin four or five times each year. There isa popu- 
lar notion that the toad swallows the molted skin, but this was not 
observed in this study. 


On the approach of cool weather, sometimes as early as the 1st of September, toads 
begin to seek winter quarters. These they find in cellars, under buildings, rocks, 
leaves, or rubbish, and in places where the action of frost will not be felt. Cold 
benumbs them but does not kill. 


The toad can not endure high temperatures. Properly speaking, it is 
a nocturnal animal, and ventures out during the day only when tempted 
by an abundance of food in its immediate vicinity or when the air is 
full of moisture. It eats only living and moving insects, centipedes, ete. 


The toad’s tongue, its only organ for seizing food, is soft, extensile, attached in 
front but free behind, and is covered with a glutinous substance which adheres 
firmly to the food seized. So rapid is the motion of this weapon that a careful 
watch is necessary in order to see the animal feed, * * * 

At night, soon after sundown, or even before on cool evenings, the toad emerges 
from its shelter and slowly hops about in search of food. Something of a regular 
beat is covered by these animals, whose sense of locality is quite strong. In the 
country this includes forays along roadsides, into gardens and cultivated fields, and 
wherever insect food is abundant and grass or other thick herbage does not prevent 
locomotion. In cities and suburban villages the lawns, walks, and particularly the 
spots beneath electric lamps, are favorite hunting grounds. 


The toad as a rule feeds continuously throughout the night, consum- 
ing in twenty-four hours an amount of food equal in bulk to about four 
times the stomach capacity. 

A careful examination of the contents of the stomachs of a large 
number of toads showed that 98 per cent of its food was animal matter— 
worms, insects, ete. ‘Kleven per cent of the toad’s food is composed 
of insects and spiders beneficial or indirectly helpful to man; 80 per 
cent of insects and other animals directly injurious to cultivated crops 
or in other ways obnoxious to man.” It is estimated that a single toad 
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destroys in a year insects which, if they had lived, might have damaged 
crops to the extent of about $20. 


To all agriculturists the toad renders conspicuous service, but gardeners and 
greenhouse owners may make this animal of especial value. Every gardener should 
aim to keep a colony of toads among his growing crops and the practice of collect- 
ing and transferring them to the gardens is a commendable one. While the sense 
of locality is strong in this batrachian and it will often return over considerable 
distances to its original haunts, yet it may be induced to remain in new quarters if 
there is a sufficient food supply. aa 

The crow and various species of hawks and owls are the chief natural enemies of 
the toad, b+ as a common enemy of the toad the ubiquitous small boy plays a promi- 
nent part. Seventeen toads dead and more or less mutilated were once observed at 
Malden, Mass., lying on the shores of a small pool. This was the result of a couple 
of hours’ amusement on the part of two juveniles. 

This is not an extreme case. Such cruel and senseless persecution is only of too 
common occurrence. The loud cry of the toad at spawning time readily betrays its 
presence, and small boys, and sometimes those of larger growth, gravitate toward 
the pools as naturally as do the toads themselves. There have been excellent laws 
enacted to protect our insectivorous birds. Why should there not be as stringent 
legislation against the destruction of toads? If merit of service rendered to man be 
the standard by which legislation is determined, the toad presents a record which 
will compare favorably with that of any insectivorous bird. Public sentiment ina 
matter like this, however, exerts a stronger influence than legislation, and when the 
services of this animal are appreciated and the toad receives in our public schools 
recognition similar to that given to the’birds, then we may expect to see a lessening 
of the wanton destruction of this humble servant of man. 
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EXPLANATION OF TERMS. 


TERMS USED IN DISCUSSING FERTILIZERS. 


Complete fertilizer is one which contains the three essential fertilizing constitu- 
ents, i. e., nitrogen, phosphoric acid, and potash. 

Nitrogen exists in fertilizers in three distinct forms, viz, as organic matter, as 
ammonia, and as nitrates. It is the most expensive fertilizing ingredient. 

Organic nitrogen is nitrogen in combination with other elements either as vege- 
table or animal matter. ‘The more valuable sources are dried blood, dried meat, 
tankage, dried fish, ané cotton-seed meal. 

Ammonia is a compound of nitrogen more readily available to plants than organic 
nitrogen. The most common form is sulphate of ammonia, or ammoninm sulphate, 
It is one of the first products that results from the decay of vegetable or animal 
substances. 

Nitrates furnish the most readily available forms of nitrogen. The most common 
are nitrate of soda and nitrate of potash (saltpeter). 

Phosphoric acid, one of the essential fertilizing ingredients, is derived from 
materials called phosphates. It does not exist alone, but in combination, most com- 
monly as phosphate of lime in the form of bones, rock phosphate, and phosphatic 
slag. Phospherie acid occurs in fertilizers in three forms—soluble, reverted, and 
insoluble phosphoric acid. 

Potash, as a constituent of fertilizers, exists in a number of forms, but chiefly as 
chlorid or muriate and as sulphate. All forms are freely soluble in water and are 
believed to be nearly, if not quite, equally available, but it has beer found that the 
chlorids may injuriously affect the quality of tobacco, potatoes, and certain other 
crops. The chief sources of potash are the potash salts from Stassfurt, Germany— 
kainit, sylvinit, muriate of potash, sulphate of soda, and sulphate of potash and 
magnesia. Wood ashes and cotton-hull ashes are also sources of potash. 


TERMS USED IN DISCUSSING FOODS AND FEEDING STUFPS. 


Water is contained in all foods and feeding stuffs The amount varies ‘rom 8 to 
15 pounds per 100 pounds of such dry materials as hay, straw, or grain to 80 pounds 
in silage and 90 pounds in some roots. 

Dry matter is the portion remaining after removing or excluding the water. 

Ash is what is left when the combustible part of a feeding stuft is burned away. 
It consists chietly of lime, magnesia, potash, soda, iron, chlorin, and carbonic, sul- 
pburic, and phosphoric acids, and is used largely in making bones. Part of the ash 
constituents of the food is stored up in the animal’s body; the rest is voided in the 
urine and manure. 

Protein (nitrogenous matter) is the name of a group of substances containing 
nitrogen. Protein furnishes the materials for the lean flesh, blood, skin, muscles, 
tendons, nerves, hair, horns, wool, casein of milk, albumen of eggs, etc., and is one 
of the most important constituents of feeding stutis. 

Gluten is the name given to one of the most important of the nitrogenous sub- 
stances classed together under the general term ‘‘protein.” ‘Wheat gum,” obtained 
by carefuily chewing wheat, is a familiar example. It is the gluten of flour that 
gives consistency to dough. 

Carbohydrates.—The nitrogen-free extract and fiber are often classed together 
under the name of carbohydrates. The carbohydrates form the largest part of all 
vegetable foods. They are either stored up as fat or burned in the body to produce 
heat and energy. The most common and important carbohydrates are sugar and 
starch, ; 

Fiber, sometimes called crude cellulose, is the framework of plants, and is, as a 
tule, the most indigestible constituent of feeding stufts. The coarse fodders, such 
as hay and straw, contain a much larger proportion of fiber than the grains, oil 
cakes, etc. 
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Nitrogen-free extract includes starch, sugar, gums, and the like, and forms an 
important part of all feeding stuffs, but especially of most grains. 

Fa', or the materials dissolved trom a feeding stuft by ether, is a substance of 
mixed character, and may include, besides real fats, wax, the green coloring matter 
of plants, etc. The fat of food is either stored up in the body as fat or burned to 
furnish heat and energy. 













MISCELLANEOUS TERMS. 





Alkali soils.—Soils found in arid or semiarid regions, which contain an unusnal 
amount of soluble mineral salts (alkali), which efiloresce or bloom out in the form 
of a white powder or crust in dry weather following raius or irrigation. Two dis- 
tinct classes of alkali are known: White alkali, composed largely of sulphate of 
soda and common salt, which is comparatively harmless; and black alkali, com- 
posed largely of carbonate of soda, which is highly corrosive and destructive to 
vegetation. 

Humus is the name applied to the partially decomposed organic (animal and vege- 
table) matter of the soil. It is the principal source of nitrogen in the soil. 

Leguminous plant is a plant of the botanical order Leguminosix, the principal 
representatives of which are clover, peas, beans, etc. 

Specific gravity of solid substances is the ratio of the weight of a given bulk 
of the body to that of an equal bulk of water; or, stated in another way, the ratio 
of the weight of the substance in air to its weight in water. 

Pepsin.—A substance (ferment) found in the juices of the stomach, which aids in 
the digestion of food. It is prepared in a comparatively pure state on a commercial 
scale from the lining membrane of pigs’ stomachs. 





















FARMERS’ BULLETINS. 














These bulletins are sent free of charge to any address upon application to the 
Secretary of Agriculture, Washington, D.C. Only the following are available for 
distribution: 


No. 15. Some Destructive Potato Diseases: What They Are and How to Prevent Them. No. 16. 
Leguminous Plants for Green Manuring and for Feeding. Nov. 18. Forage Plants for the South. 
No. 19. Important Insecticides: Directions for their Preparation and Use. No.21. Barnyard Manure. 
No. 22. Feeding Farm Animals. No. 23. Foods: Nutritive Value and Cost. No. 24. Hog Cholera and 
Swine Plague. No. 25. Peanuts: Culture and Uses. No. 26. Sweet Potatoes: Culture and Uses, 
No. 27. Flax for Seed and Fiber. No. 28. Weeds; and How to Kill Them. No. 29. Souring of Milk 
and Other Changes in Milk Products. No. 30. Grape Diseases on the Pacific Coast. No. 31. Alfalfa, 
or Lucern. No. 32. Silos and Silage. No. 33. Peach Growing for Market. No. 34. Meats: Composi- 
tion and Cooking. No. 35. Potato Culture. No. 36. Cotton Seed and Its Products. No. 37. Kafir 
Corn: Characteristics, Culture, and Uses. No. 38. Spraying for Fruit Diseases. No. 39. Onion Cul- 
ture. No. 40. Farm Drainage. No. 41. Fowls: Care and Feeding. No. 42. Facts About Milk. No. 
43. Sewage Disposal on the Farm. No. 44. Commercial Fertilizers. No. 45. Some Inseets [njurious 
to Stored Grain. No. 46. Irrigation in Humid Climates. No. 47. Insects Affecting the Cotton Plant. 
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EXPERIMENT STATION WORK—VIII* 


CONSERVING AND ECONOMIZING THE MOISTURE OF THE SOIL.’ 


Next to temperature, moisture is probably the controlling factor in 
the growth of plants. The importance of an adequate supply of mois- 
ture is most strikingly demonstrated in regions of deficient rainfall 
where irrigation is necessary for the growth of crops (arid regions), 
but it is no less important in regions where the rainfall is usually con- 
sidered sufficient for the needs of crops (humid regions). Not only 
must there be a sufficient supply of moisture, but it must be properly 
distributed throughout the growing season. It is well known that 
crops may be injured by drought in a season which shows a high total 
rainfall, because there is a deficiency of rain just at the stage when 
the plant needs it most. 

Under all circumstances, therefore, it should be the farmer’s aim to 
conserve the moisture in the soil—in the arid regions to reduce as much 
as possible the labor and expense of irrigation, and in humid regions 
to protect crops against droughts. Various means may be employed 
for the purpose of conserving and economizing the moisture supply of 
soils. 

Subsoiling is one of the most important of these means. Several of 
the stations have made careful studies of the influence of subsoiling on 
soil moisture.© The Wisconsin Station describes this influence sub- 
stantially as follows: Subsoiling (1) increases the storage capacity of 


®*This is the eighth number of a subseries of brief popular bulletins compiled 
from the published reports of the agricultural experiment stations and kindred 
institutions in this and other countries. The chief object of these publications 
is to disseminate throughout the country information regarding experiments 
at the different experiment stations, and thus to acquaint our farmers in a 
general way with the progress of agricultural investigation on its practical side. 
The results herein reported should for the most ‘part be regarded as tentative 
and suggestive rather than conclusive. Further experiments may modify 
them, and experience alone can show how far they will be useful in actual 
practice. The work of the stations must not be depended upon to produce 
“rules for farming.” How to apply the results of experiments to his own 
conditions will ever remain the problem of the individual farmer.—A. C. TRuE, 
Director, Office of Experiment Stations. 

>See also U. S. Dept. Agr., Farmers’ Bul. 114, p. 5. 

*See also U. S. Dept. Agr., Farmers’ Bul. 56, p. 20. 
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the soil for moisture, and (2) increases the rate at which water will 
sink into the soil, but (3) decreases the rate at which it may be brought 
back to the surface. Subsoiling also increases the amount of mois- 
ture available to crops, since plants are capable of utilizing a larger 
proportion of the moisture present in loose and coarse-grained soils 
than of that in fine-grained and compact soils. 

As regards the best method of subsoiling, a report of the Wisconsin 
Station states: 


Subsoiling to be most effective should be done in such a way as to leave the 
soil loose, much as the stubble plow leaves it. To accomplish this much will 
depend upon the character of the tool and more upon the condition of the soil 
when the work is done. If the soil is so wet as to be plastic when the plowing 
is done, then the effect of the subsoil plow will be to wedge the portions of the 
soil which are heavily pressed into an even more compact and close texture 
than before, and thus develop a condition the opposite of that sought. To 
simply form a long groove or channel in the subsoil by wedging the dirt aside 
gives little aid in the direction sought. 

Such work, then, if done at all, should be done when the subsoil itself is dry 
enough, and this is most likely to occur in the fall after the crop of the season 
has withdrawn the moisture from it. Subsoiling late, too, leaves no time for 
the soil to lose its open texture before the rains to be stored reach it. 

In humid regions, as a recent bulletin of the California Station 
points out, the soil as 
a rule is underlaid at 
a comparatively short 
distance below the sur- 
face by a subsoil which 
the roots of plants pen- 
etrate with difficulty 
and from which they 
can draw little nour- 
ishment. The roots, 
therefore, spread out near the surface, and the plants require frequent 
rains or irrigation to sustain life. A suspension of either rain or irri- 
gation for ten days or two weeks under these conditions usually results 
in injury to the plant. Under such circumstances subsoiling encour- 
ages deep rooting, and thus enlarges the stock of water as well as plant 
food at the command of the plant. In many parts of the region of 
deficient rainfall, as in southern California, plants (especially fruit 
trees) are capable of withstanding months of drought. This is 
claimed to be due to the fact that “in the arid region, as a rule, sub- 
soils in the eastern sense do not exist; the soil is readily penetrable to 
great depths.” This difference in the root systems of plants in humid | 
and arid regions is illustrated in the accompanying figures. 


Fic. 1.—Root system of a tree growing on asoil with hard subsoil. 


A glance at the figures suffices to show that while a root system like fig. 1 will 
stand in absolute need of frequent rains or irrigation to sustain its vitality, 
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auch a one as fig. 2 may brave prolonged drought with impunity, being inde- 
pendent of surface conditions, and able to perform all its functions out of reach 
of stress from lack of moisture. It is equally clear that it is to the farmer’s 
interest to favor to the utmost this deep penetration of the roots. 


This can be done in humid regions, to some extent at least, by thor- 
ough preparation and tillage of the soil and (in case of fruit trees) 
by guarding against excessive surface fertilization. In arid regions 
frequent irrigation, it is claimed, encourages shallow rooting. 

To prevent loss of water from the soil by evaporation it is neces- 
sary to check the rise of water by capillarity to the surface of the soil. 
As already noted, this is accomplished to some extent by subsoiling, 
but in order that the work partly accomplished by the subsoiling may 
be completed and continued, the surface of the soil must be kept cov- 
ered with a mulch of loose, well-tilled soil by means of frequent til- 
lage. Some experiments of the Kansas Station afford an illustration 
of the effectiveness of this 
means of conserving soil 
moisture. § 

One of the station fields which ; ; 
ontained in round numbers 26 2 IY , 
Peet at water in the first / Y Y//// 
had one portion plowed, an- : é//, NY 
other disk harrowed, and a por- ] 
tion left untreated. The ensu- 
ing dry weather in the course 
of four weeks, nothwithstand- 


ing several light rains, reduced Nt By: 
the moisture of the untreated Y/7/ f "%y yy UY 


Wi, inn 
part to 15 per cent and that of / ee : Uf 


foot of soil, on July 7, 1898, 
; my / 


the disked land to 18 per cent, 
the plowed ground retaining 21 
per cent. The last two were in 
excellent condition for seeding, 


>, 
while the first would plow up Fig. 2.—Root system of a tree growing on a soil with open 
lumpy and unsatisfactory. subsoil. 

In the experiments at the 
Kansas Station plowing proved as effective as any form of tillage 
tested. “ If time does not permit plowing, the speedy work of the disk 
harrow compares favorably in efficiency. In either case, if rain suffi- 
cient to start the weeds follows, kill them with a harrow. This will 
at the same time break up any crust and preserve the soil mulch.” 

Whether the best results in preventing loss of moisture from the soil 
in humid regions will be obtained by subsoiling, shallow cultivation, 
or deep cultivation will depend very largely upon the character of the 
soil and subsoil. The Kansas Station found no essential difference in 
the moisture content at the different depths of soil that had been pre- 


87 





8 


pared in the spring by shallow plowing, by deep plowing, and by sub. 
soiling. In experiments at the North Dakota Station on different 
methods of preparing soil and tillage for wheat the largest yield was 
obtained from land subsoiled 8 inches below a 6-inch furrow. A sur- 
face mulch of well-tilled soil 3 or 4 inches thick is usually considered 
sufficient to afford effective protection against evaporation in humid 
regions. In regions of deficient rainfall, , however, twice this depth is 
considered necessary. 

In humid regions there is danger of serious loss of nitrates in sub- 
jecting bare plowed land to the long-continued leaching action of 
abundant rains, as is done in summer fallowing and fall plowing; 
nevertheless, the Kansas Station has found that the plowing of stub- 
ble as soon as possible after the removal of the previous crop, wiii 
frequent stirring of the soil, as described above, “ not only insures‘a 
perfect seed bed for wheat in respect to moisture, but the soil has time 
to settle to the firm condition so advantageous to wheat, and the bare- 
ness, warmth, and moisture are most favorable to the formation of 
nitrates from organic matter.” In regions of deficient rainfall loss 
by leaching need not be feared. Under such conditions both summer 
fallowing and fall plowing may prove of great value in conserving 
moisture. 


Fall plowing wherever the land is not naturally adequately absorbent, and is 
not thereby rendered liable to washing away, is a very effectual mode of utiliz- 
ing the winter’s moisture to the utmost, so as to bring about the junction of the 
season’s moisture with that of the previous season, which is generally consid- 
ered as being a condition precedent for crop production in dry years. The same 
of course holds true of winter irrigation, the frequent omission of which in 
presence of a plentiful water supply at that season is a prolific cause of avoid- 
able crop failures. Moistening the ground to a considerable depth by winter 
irrigation is a very effective mode of promoting deep rooting, and will thus 
stand in lieu of later irrigations, which, being more scant, tend to keep the 


roots near the surface. 


Moisture escapes from soils bearing crops much more rapidly than 
from bare soils. This fact has been very clearly demonstrated by in- 
vestigations by the Iowa, Kansas, Wisconsin, and other stations. 
These investigations show that sod land and soil bearing different 
crops always maintain less moisture than uncultivated soil of the same 
character. It is undoubtedly true that the injurious effect of weeds 
is due fully as much to the moisture which they withdraw from the 
soil as to the plant food which they consume. The poor growth of 
crops near hedgerows and woods is due largely to withdrawal from 
the soil of moisture required for the proper growth of the crops. Itis 
a well-known fact that the culture of crops in orchards may prove 
injurious to fruit trees, especially in dry seasons. (See p. 19.) This 
is due mainly to the withdrawal by the crops of moisture needed by 
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sub- the trees. The danger from this source is especially great if the fruit 
orent trees are very shallow rooted. From the standpoint simply of con- 
was servation of moisture, therefore, the farmer should be careful to keep 
sur- his land free from unnecessary vegetation during the summer, “ but 
lered it must not be forgotten that by doing so he quickly depletes his land 
amid of vegetable matter, which requires systematic replacement if produc- 
th is tion is to continue normally,” and, as explained above, he incurs dan- 
ger of serious loss of nitrates by leaching and washing, especially in 
sub season of heavy rainfall. 
nl It is thus seen that while there are many ways in which the moisture 
ring; of the soil may be wasted or rendered useless to the plant, there are 
stub- also many effective means of conserving and economizing this water 
wila awhich may be profitably employed. It only remains for the indi- 
rea’s vidual farmer to determine the method best suited to his needs and 
time conditions. 
bare. INFLUENCE OF DIFFERENT SYSTEMS OF FARMING ON THE 
“a FERTILITY OF THE SOIL.’ 
nmer The amount of principal elements of fertility removed from the 
rving soil in products sold from the farm and the amount returned to it in 
the form of manure depend largely upon the system of farming 
— practiced. It is well known that soils under continuous cultivation 
utiliz- decline in fertility much more rapidly than those kept in grass. This 
of the is due not only te the constant removal of fertility in the crops har- 
onsid- vested and sold from the farm, but also to the fact that under most 
an systems of continuous culture the soil is left bare a large part of 
aval the time, and thus subjected to loss from leaching, washing, and 
winter oxidation. On the other hand, soils in grass are protected almost 
1 thus entirely from the latter losses. The roots of the plants bring up the 
ep the fertilizing constituents from the lower layers of the soil and they 
accumulate at the surface of the soil in the decaying remains of the 
than vegetation. Thus in case of grass lands, while there is no actual gain 
oy in- in total amount of fertilizing constituents in the soil, the plant food is 
tions. made move available and accessible. These facts explain the appar- 
ferent ent recuperation of soils which have been exhausted by continuous 
same culture when kept under grass for a number of years. If leguminous 
weeds plants are substituted for grasses, there may be an actual gain in fer- 


m the tility due to the nitrogen which these plants are capable of collecting 

th of from the air. 

from When the lands are grazed by sheep and cattle the soil fertility is 
It is drawn upon to the extent of the nitrogen, phosphoric acid, and 

prove potash required to build the blood, bone, and tissue of the animal 


This re et 
ed by “See also U. S. Dept. Agr.; Farmers” Buls. 73, p. 4; 144, p. 5; 2738, pp. 5, 7. 
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body. This is considerable in the case of growing animals, but in- 
significant in case of animals which have made their growth (espe- 
cially of bone) and are simply maintained or fattened on the pasture, 
If, however, concentrated feeds are used in addition to pasture, and 
the manure produced returned to the land, there is an actual gain in 
fertility of the land. It will thus be seen that exclusive grain farm- 
ing or continuous culture of a single crop has a much greater ten- 
dency to impoverish the soil than stock raising or combined grain 
and stock raising. A comparison of the amount of plant food re- 
moved from the soil and the amount capable of being returned to it 
under different systems of husbandry has been made by the Min. 
nesota Experiment Station. The systems taken into consideration 
were all-grain farming, mixed grain and general farming, mixed 
potato and general farming, stock farming, and dairy farming, ex- 
amples being selected which represented the different systems. In 
each case the farm is considered to contain 160 acres. 

In the example of all-grain farming selected no stock was kept and 
no fertilizers of any kind applied to the land, the small amount of 
fertilizing material which necessarily accumulated was disregarded, 
and the grain was all sold from the farm. The entire farm of 160 
acres was under cultivation. The crops raised were 100 acres of 
wheat, 4Q acres of barley, and 20 acres of oats, yielding 15, 40, and 50 
bushels per acre, respectively. It is calculated that the fertility re- 
moved from such a farm in the grain and straw of one year’s crops 
amounted to 2,460 pounds phosphoric acid, 4,020 pounds potash, and 
5,600 pounds nitrogen. This does not include the fertility removed 
by the weeds, which often is very large, and the amount of nitrogen 
lost from the soil through leaching and the decomposition of humus, 

The amount of nitrogen thus lost from a rich prairie soil recently 
brought under this system of farming is three or four times that 
removed in the crop. It was found from experiments conducted at 
this station that when a prairie soil is first brought under cultivation 
the humus oxidizes rapidly, but as the soil grows older the humus 
content diminishes and the oxidation of the humus goes on more 
slowly. 

The system of mixed grain and general farming studied consisted 
of growing 40 acres of wheat, 20 of oats, 10 of barley, 7 of rye, 5 of 
corn, 3 of flax, and 1 each of peas, millet, and potatoes. The rest 
of the land was in meadow and pasture, and 10 cows, 4 head of 
young stock, 15 sheep, 8 hogs, 4 work horses, and 2 steers were kept. 
All the straw produced was used as feed and bedding for the stock. 
The yields in this case were higher than under all-grain farming, 
because the land was kept in better condition. All the wheat, rye, 
and flax, and one-half of the oats and barley, and 50 bushels of 
potatoes were sold from the farm. The animal products sold were 
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2 steers, 10 sheep, 8 hogs, and 1,500 pounds of butter. The remain- 
ing oats, barley, and potatoes, and the corn, peas, and millet, besides 
90 tons each of timothy and clover, were consumed:-on the farm, and 
80 per cent of these food materials were returned to the soil in the 
form of manure. The fertility returned to the farm in manure from 
the food purchased, such as bran, sereenings, and meal of various 
kinds, was taken into consideration in every case. A comparison of 
the total amount of fertility removed from the farm and the amount 
returned to it shows an approximate loss from the soil of 1,003 pounds 
phosphoric acid, 1,047 pounds potash, and 2,594 pounds nitrogen. 
The fixation of the free nitrogen of the air by clover and peas was 
not taken into account in these figures, but “it is safe to calculate 
that there has been a gain of 1,500 pounds of nitrogen from this 
source.” When allowance was made for the nitrogen thus obtained 
there was an annual loss from this farm of about 1,000 pounds each 
of phosphoric acid, potash, and nitrogen. There was therefore a 
loss of about two-fifths as much phosphoric acid, one-fourth as much 
potash, and one-sixth as much nitrogen as in all-grain farming. 
With good cultivation and management it is believed that the re- 
serve fertility of a good soil will withstand the above losses for a 
number of years. 

The system of mixed potato and general farming studied differed 
from the foregoing system in that about 40 acres of grain were re- 
placed by potatoes and that less grain was sold and less mill products 
purchased. The stock kept consisted of 7 cows, 4 head of young 
stock, 4 horses, 2 steers, 12 sheep, and 9 hogs. Besides, 40 acres of 
grain were grown, of which 15 were sold. The rest of the farm was 
mainly in meadow and pasture. The products sold from the farm 
were 6,000 bushels of potatoes, 1,000 pounds of butter, 8 hogs, 2 
steers and young stock, 10 sheep, and the yields of 10 acres of oats and 
5 of barley. Fifteen tons of clover and timothy, 40 tons of 
straw, 150 bushels of potatoes, and the yields of 10 acres each of 
oats and barley, 5 acres of corn, and 1 acre each of millet and peas 
grown on the soil were consumed on the farm. Here, as in the 
previous example, 80 per cent of the food consumed was returned to 
the soil. The approximate loss from the soil under the system 
amounted to 991 pounds of phosphoric acid, 2,435 pounds of potash, 
and 2,463 pounds of nitrogen. Deducting the nitrogen accumulated 
in the soil through the agency of the clover crop, the net loss of 
nitrogen is less than 1,000 pounds. Another advantage of growing 
clover, as pointed out, is that a deep-feeding crop, like clover, will 
bring up the fertility from the lower layers of the soil and con- 
centrate it in the surface soil. This is especially desirable in potato 
farming, which makes a heavy draft on the fertility of the soil, 
especially the potash. 
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In the example of stock farming selected for study, 25 acres were 
sown to oats, 20 to barley, 10 to corn, 5 to peas, and 1 acre each to 
potatoes and millet. The remainder of the farm was in meadow 
and pasture. The stock kept in this case comprised 10 beef cattle, 
and 10 dairy cows, 10 horses, 5 steers, 10 head of young stock, 30 
sheep, and 20 hogs. Five steers of 1,000 pounds each, 5 head of 
young stock, 5 horses, 10 hogs of 250 pounds each, and 1,500 pounds 
of butter were sold from the farm. All the crops grown, including 
40 tons of timothy and 30 tons of clover, were consumed on the 
farm. Eighteen tons of food material and 5 cords of wood were 
purchased and consumed, besides the crops produced. Under these 
conditions there was approximately a gain of 35 pounds of phos- 
phoric acid and a loss of 50 pounds of potash and 898 pounds of 
nitrogen. The loss of nitrogen was more than balanced by the gain 
due to the clover crop, so that on the whole there was practically no 
loss of fertility from the farm. 

In the example given of a dairy farm, 30 cows, 5 head of young 
stock, 4 horses, and 20 pigs constituted the stock kept on the farm, 
The crops raised were 10 acres of wheat, 20 of oats, 10 of corn, 7 of 
rye, 5 of oats for hay, 2 acres each of roots and peas, 1 each of millet 
and potatoes; 25 tons of both clover and timothy were produced, and 
the remainder of the farm was mainly in pasture. Sixteen pigs of 
250 pounds each and 4 head of young stock, 5,000 pounds of butter, 
and all the wheat and rye produced were sold from the farm, while 
the rest of the products were consumed as feed and 80 per cent re- 
turned to the soil as fertilizer. Ten tons of feed and 5 cords of 
wood were purchased and consumed in addition to what was pro- 
duced on the farm. The figures given for dairy farming show a 
gain of 76 pounds of phosphoric acid and a loss of 85 pounds potash 
and 809 pounds nitrogen. The loss of nitrogen, however, is again 
more than offset by the gain through the clover crop, so that there 
is practically no loss of fertility in dairy farming under proper 
management, but rather a constant gain. 

The loss of fertility under the different systems of farming is 
given in the following table. The gain of nitrogen through clover 
culture is disregarded in these figures: 


Approximate loss of fertility from 160 acres of land under different systems 
of farming. 





Phosphoric Nitro- | Mineral 
acid. Potash. | 


System of farming. gen. | matte: 


Pounds. | Pounds.| Pounds. | Pounds. 
2,460 4,020 5,600 18,420 


All grain. a - 
Mixed grain and general ; 1,047 2,504 5,419 
Mixed potato and general 2,435 2,363 6,070 
59 898 

809 
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These figures given * * * are not intended to convey the idea that an 
equivalent amount of each element must always be returned to the soil, but 
they are intended to show where the heaviest drafts fall on the soil with each 
system of farming. 

In making comparisons, the variations which are liable to occur should be 
kept in mind. In exclusive grain farming the loss of the nitrogen is greater 
than given because when the soil is continually uncovered by the cultivation 
of plowed crops some of the nitrogen is lost by drainage and by the decomposi- 
tion of the humus. When clover is grown in the other systems of farming, the 
loss of the nitrogen is less than stated. 

The annual loss of phosphoric acid with exclusive grain farming is nearly 
2,500 pounds per 160 acres. With mixed grain or potato farming this loss is 
reduced to about 1,000 pounds. 

With stock farming, when all of the crops are fed to the stock on the farm 
and a small amount of milled products is purchased, there is practically no 
loss of phosphoric acid and potash, except in the handling of the manure. 
When the manure is well cared for, the losses of these elements are both less 
than stated. 

In the case of dairy farming or stock farming, when all of the skim milk 
is fed on the farm and a part of the grain is exchanged for more concentrated 
milled products, there is no loss, put on the other hand a constant gain of 
fertility to the soil. 


COVER CROPS FOR ORCHARDS.* 


An orchard cover crop is a crop grown in the fall and winter to 


protect the soil and trees of orchards, and at the same time to im- 
prove the soil. Unlike crops grown throughout the season, cover 
crops, as a rule, do not injure the trees by drying out the soil, for in 
many places heavy fall rains are the rule, and even where the weather 
during the fall is normally dry the injury is less than in summer, 
since plants evaporate less water from their leaves in the cooler 
weather and shorter days of fall than in the longer and hotter days 
of summer. Cover crops not only do not, as a rule, dry out the soil 
injuriously, but they also add directly to the moisture-holding ca- 
pacity of the soil by the humus formed in their decay, and they hold 
much of the snow until it melts and is absorbed by the soil. 

Another reason why cover crops are rarely as injurious as crops 
grown throughout the entire season and are often beneficial is that 
their growth is made after the trees have stopped growing and are 
maturing their wood for winter. The Michigan Station has shown 
that the majority of trees in that locality complete their growth by 
July. Of course, the conditions observed in Michigan do not occur 
in all climates or seasons, but they show unmistakably the tendency 
of trees to make their greatest growth early in the season. Trees, 
therefore, require much less moisture in the latter part of the season 


2See also U. S. Dept. Agr., Farmers’ Buls. 169, p. 17; 202, p. 12; 267, pp. 
23, 26. 
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than they do in the early part. Indeed, in moist localities it is often 
thought to be a distinct advantage to stop cultivation by midsummer 
and grow some secondary crop which will check the growth of the 
trees and cause them to mature before winter. The Washington 
Station, in studying the unusually severe freeze occurring in the fall 
of 1896, found that in most instances late summer cultivation had an 
injurious effect similar to late irrigation. “ Wherever cultivation or 
irrigation had been kept up late in the season and the ground was 
moist and the trees in an active growing condition, there the frost 
did most damage.” 

Among other benefits to be derived from cover crops is the check- 
ing of washing and leaching of the soil. Light soils are often gullied 
by heavy rains in the fall just as in summer, and some crop to bind 
such soils is beneficial. In the case of soil leaching and the conse- 
quent loss of plant food, especially nitrates, a crop is more valuable 
in the fall and early winter than earlier in the season, for in spring 
and summer the tree roots are in condition to take up much of the 
plant food as it becomes available; but from the time their leaves fall 
until the soil is frozen the plant food which would otherwise escape 
in the drainage water or be washed down beyond the reach of 
plants can be saved only by secondary crops, which grow until 
stopped by the severe weather of winter. Even in cases where the 
leaching of soils is not excessive a deep-rooting cover crop brings up 
plant food from the subsoil and leaves it near the surface to be used 
later by the trees. 

Besides preventing in part the loss of fertilizing elements from the 
soil, cover crops may serve as a direct fertilizer. For this purpose 
the well-known ability of leguminous plants to take nitrogen from 
the air and store it, so that it can be used later by other plants, is 
made use of. The use of such crops in ordinary farm rotations is 
well known. That they may be equally useful in‘ case of orchard 
fruits is shown by tests at the New Jersey Station. Crimson clover 
was sown in the peach orchard on sandy soil in the latter part of 
July and the crop was plowed under in the latter part of the follow- 
ing May. The cover crop retarded the growth of the trees somewhat 
in the spring, but after it was plowed under they gained rapidly, 
and both wood growth and fruitage were more satisfactory than in 
the remainder of the orchard, which was fertilized with nitrate of 
soda. The use of leguminous crops, however, is not to be recom- 


































mended in all cases. It often happens that soils become too rich in § Wé 
nitrogenous fertilizers, and the trees, therefore, grow too vigorously, § 8¢ 
do not mature their wood well, and are unfruitful. In such cases - 
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leguminous crops should not be used. 
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Cover crops may also improve the physical condition of the soil. 
In this connection the relation of humus to the water-holding capacity 
of the soil has been already noted. Humus is also beneficial in 
changing the character of very heavy soils, making them more porous 
and lessening their tendency to puddle in wet weather. Cover crops 
which live through the winter are of use in drying out heavy wet 
soils in spring, so as to allow of cultivation. 

Cover crops may also be advantageous in protecting the trees and 
fruit. The Delaware Station reports lessened injury to fruit blown 
from the tree where the soil was covered with a crop of crimson 
clover. In the extreme North cover crops are thought to be of ad- 
vantage in preventing deep freezing and alternate freezing and 
thawing of the soil and the consequent injury to the roots of trees. 
At the Delaware Station ground covered with crimson clover is re- 
ported as unfrozen when the temperature of the air was 14° F. In 
some cases a cover may be injurious rather than beneficial to trees 
and fruit through the protection afforded to insects, mice, etc. 

To secure the best results with a cover crop that lives over winter, 
it should be plowed under early in the spring while it is still succu- 
lent enough to decay rapidly. A crop plowed under late in the 
spring after it has become more or less woody will decay slowly, 
keep the soil too loose, and thereby serve to dry it out rather than 
retain its moisture. In many regions the crop may also do injury by 
the evaporation of moisture from its leaves if allowed to grow too 
late in spring. 

The kind of crop that should be grown for winter cover must be 
determined by local conditions. In general the best crop is one that 
can be sown after tree growth stops, continues growth late in the fall, 
makes a close, thick cover, lives over winter, and furnishes consider- 
able green manure. Nevertheless some crops which winterkill fur- 
nish considerable winter protection and serve fairly well the purpose 
of a green manure. Red clover and alfalfa, though good green- 
manure crops in general farming, are not suitable as a rule for 
growth in orchards, since they do not start well late in summer and 
require too much time to reach their full development. At the 
Canada Experimental Farms alfalfa and red clover proved inferior 
tomammoth clover. A mixture of alfalfa and mammoth clover, how- 
ever, made a good cover; the mammoth clover covering the ground 
thickly below the taller and more slender alfalfa. Mammoth clover 
was considered the most satisfactory cover crop for Canada. It 
germinated promptly, soon took possession of the ground, and began 
growth early in the following spring. At the New York State 
Station mammoth clover formed a dense covering and remained alive 
over winter, comparing favorably with winter vetch and winter rye. 
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A mixture of the latter formed a perfect mat of vegetation and re. 
mained green over winter. At the New York Cornell Station the 
European vetch sown early in summer, though starting slowly, made 
a thick cover by the middle of September. It remained green and 
continued growing for some time after frost, the vines standing 9 
feet high at the beginning of winter. On the approach of hard- 
freezing weather it fell, forming an even, carpetlike cover, and by 
spring the plants were decayed so they could easily be plowed under, 
The seed must not be sown too early for best results with summer 
cultivation, but the plant is, nevertheless, considered one of the best 
for New York. It is recommended to sow the seed the last of June 
or first of July or, if in very good soil, as late as the last of July, 
Soja beans and cowpeas have been successfully grown in peach or. 
chards in Connecticut. In Canada they are reported to have grown 
rapidly, but were killed by the first frost and did not make as good 
a cover as rye, buckwheat, or field peas.. Cowpeas, and perhaps 
velvet beans*® also, may prove valuable in the Southern States, but 
are not so well suited to the North. Both the New York stations re 
port cowpeas as making a good growth, but the seed must not be 
sown too early to allow of the best cultivation. The plants are killed 
by the first frost, lose their leaves, and afford little winter protection. 
Field beans, while better than no cover, are open to the same objec- 
tions as cowpeas.- Field peas are often grown as a cover crop. At 
the New York Cornell Station field peas sown in the middle of 
August produced vines from 2 to 3 feet long and remained green 
after frost, making a good mulch. When sown as late as the middle 
of September they did not make a satisfactory cover. At the New 
York State Station Canada peas and buckwheat and blue peas and 
buckwheat gave satisfactory results, both mixtures making a good 
growth and the peas remaining green until winter. The growth of 
the Canada peas and buckwheat was so great as to interfere with the 
gathering of winter apples. Field peas are considered among the 
best crops for winter cover at the Nebraska Station, though mos 
crops make a rather small growth in the dry falls of that region 
Crimson clover ® is considered an ideal cover crop wherever it with- 
stands the winter, though it does not thrive on hard, poorly tilled 
soil as well as many other crops. It is reported by the New Jersey 
Station as being hardy throughout the State and considered much 
more economical than city manure as a nitrogenous fertilizer. It 
may be sown there from the middle of July to the middle of Sep- 
tember. According to the Delaware Station, it is grown largely i 
the peach orchards of that State. It sends its roots to a depth of 4 


*U. S. Dept. Agr., Farmers’ Bul. 78 (Expt. Sta. Work—V), pp. 12-14. 
>U. S. Dept. Agr., Farmers’ Bul. 69 (Expt. Sta. Work—III), pp. 8-10. 
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feet even in hard soil, flourishes on poorer soil than red clover, and 
makes its growth during the fall, winter, and spring, growing when 
wheat and even rye seem dormant. In spring the sod is plowed 
in such a way as to leave many of the clover heads above the soil, 
to ripen and reseed the orchard. On poor soil cowpeas are someé- 
times grown during summer, and are followed by crimson clover | 
sown in the pea vine in August. This practice is also recommended 
by the Virginia Station. Crimson clover has not proved entirely 
hardy at the Rhode Island, Michigan, New York State, and New 
Hampshire stations and at the Canada Experimental Farms, and 
was not satisfactory at the Nebraska Station on account of dry 
weather in the fall. In the locality of the New York Cornell Station 
crimson clover winterkills if sown too late. About the middle of 
July or first of August is recommended as the best time to sow it. 
If sown earlier, it matures and dies before winter. Failures with 
crimson clover are frequent, but no more so than with red or mam- 
moth clover sown at the same time. 

Where a nitrogenous fertilizer is not desired, rye is a good cover 
crop. It is also useful on very light sandy soils, and on very hard 
lumpy soils where other crops are not easily grown. A few years’ 
growth of rye may improve such soils sufficiently to permit of the use 
of other crops. Turnips have been recommended for use on hard dry 
land, where other crops do not start readily. Sown late in July, they 
are said to make a good cover in the locality of New York Cornell 
Station. Rape * may also serve a useful purpose as a cover crop. At 
the New York State Station dwarf Essex rape made a very rank 
growth, sufficient to interfere with gathering winter fruit. It seemed 
to furnish hiding places for mice, which girdled the trees badly. 
This, however, may occasionally be true of any heavy cover. Corn 
sown thickly one and one-half to two months before frost makes a 
good winter cover, though killed quickly by cold weather. Buck- 
wheat is also good for the same purpose if sown so as reach its full 
height but not to produce seed before winter. Among other plants 
of more or less value as cover crops, oats, wheat, barley, millet, and 
spurry are sometimes recommended. 


CULTIVATING v. CROPPING ORCHARDS.’ 


Whether orchards shall be cropped or given clean cultivation, how 
cultivation shall be done, whether it shall be continued throughout the 
season, and similar problems depend very largely on local conditions 
of soil, climate, and the like. It is evident, therefore, that no definite 





2U. S. Dept. Agr., Farmers’ Bul. 78 (Expt. Sta. Work—V), pp. 9-12. 
°U. S. Dept. Agr., Farmers’ Buls. 169, p. 17; 202, p. 12. 
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rules can be given for the cultivation of orchards in all localities, 
The principles underlying successful culture, however, are the same 
everywhere, and therefore a knowledge of them will aid in deciding 
local questions. 

Various experiment stations have conducted experiments to find out 
what methods give best results and why they do so. At the New 
York Cornell Station it was found that the roots of trees only 5 or 6 
years old have a greater spread than the tops. For instance, the 
roots of an apple tree in rich, cultivated soil extended 8 feet from the 
trunk, while the entire top was not over 8 feet across. Another apple 
tree in sod, with a top only 6 feet across, had roots 10 feet long. A 
pear tree in poor soil had roots 21 feet long, while its entire top meas- 
ured only 7 feet across. The roots of an apple tree which had stood 
in sod since planting were just beneath the surface of the soil, while 
the roots of those in cultivated soil were nowhere less than 8 inches 
from the surface. These facts show that if orchards are to be culti- 
vated at all they must be cultivated from the first, since otherwise the 
roots grow so near the surface as to be injured by plowing and culti- 
vation. They also show that to get the full benefit of cultivation all 
the space between the trees must be cultivated. 

At the Nebraska Station a study was made of the effect of cultiva- 
tion on the growth of apple trees, the size of fruit, and the water con- 
tent of the soil. A small orchard was divided into three parts, one of 
which was cultivated regularly and the other two left in grass and 
weeds, one of thé latter being mowed and the other pastured by hogs. 
The report says: “ Trees in cultivated ground suffered noticeably less 
from the drought and hot winds of summer than those in sod ground. 
The foliage was darker and more vigorous in appearance, and there 
was no yellowing and dropping of the leaves nor wilting during hot 
windy days, both of which occurred with uncultivated trees. Apples 
from cultivated land averaged nearly 14 per cent larger in weight 
than those from pasture land and over 17 per cent larger than those 
from mowed lands.” The average percentages of moisture in the first 
20 inches of the soil in the different portions of the orchard in the 
latter part of October were: Mowed portion, 14; pasture portion, 
14.7; portion cultivated until August 1, 17, and portion cultivated 
the entire season, 20.4. The next season the results were practically 
the same. The average percentages of moisture in the first 24 inches 
of soil in the last of August were: Pasture part, 14.6; mowed, 14.6; 
cultivated, 21.2. The differences in moisture were greater at a depth 
of 6 inches than the average differences given above, and were notice- 
able even at a depth of 20 inches. Observations on some grass land 
near the orchard showed that alfalfa only 2 years old took the moist- 
ure from the soil as completely as an old June grass sod. These facts 
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show how very necessary cultivation is in a dry climate. That the 
same is true in dry seasons in moister climates is shown by observa- 
tions at New York Cornell Station. Part of an orchard was given 
clean cultivation and another part was seeded to field peas in the 
spring, to be grown as a green manure crop. In the fall the percent- 
ages of moisture at a depth of 12 inches in the green manure plat were 
8.7 to 9.6 and in the cultivated plat 11.3 to 12.8. Moreover, in the cul- 
tivated soil the moisture was distributed to within 2 inches of the 
surface of the soil, while in the soil growing field peas the first few 
inches were exceedingly dry. The tree growth was less vigorous and 
the leaves lighter colored on the green manure plat than on the other. 
The leaves of peach trees on the cultivated plat were perfect, while 
on the green manure plat they turned yellow and fell. Similar dif- 
ferences were seen in the case of apricots, pears, and plums. 


ES ee 


Fig. 3.—Cultivated (A) and uncultivated (B) apricot trees in a dry season. 


The California Station has recently reported an instance of the 
beneficial effect of cultivation on the growth and fruitfulness of 
orchards. Apricots grown in adjacent fields under exactly the same 
conditions, except for cultivation, showed great difference in behavior 
(fig. 3). The soil of the region in which the orchards are located has, 
a rather loose texture. One orchard was cultivated several inches 
deep and the other was uncultivated. During one season the trees in 
the cultivated field made a wood growth of over 3 feet, while those 
in the uncultivated field made a growth of not over 3 inches. There 
was also a great difference in the fruit. The average percentage of 
moisture in the first 6 feet of soil was 6.3 in the cultivated orchard 
and 4.2 in the other one. A recent bulletin of the Illinois Station 
reports marked benefit from clean cultivation of an orchard. In 1890 
three rows each of Ben Davis and Grimes Golden apples were 
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planted, the trees being set 15 feet apart each way. These were 
divided into 4 plats, the first being given clean cultivation and the 
second, third, and fourth being cropped with oats, clover, and blue 
grass, respectively (fig. 4). The same treatment was continued each 
year after planting. The trees grown on the grass plats were decid- 
edly inferior to those grown on the cultivated plat as regards height, 
diameter of trunk, vigor, and abundance of foliage, etc. For instance, 
in the case of the Ben Davis trees the diameter of the trunks 1 foot 
above the surface of the soil was about twice as great in the case of 
the cultivated plat as in case of that in grass. Similarly the height 
of the trees in the two plats averaged 18} and 11 feet, and the diam- 
eter of the tops 154 and 8} feet, respectively. In the growth and 
vigor of trees, the clover plat ranked next after the cultivated plats, 
and the oats plat ranked between the clover and blue grass plat. An 
examination of the root systems of trees on the different plats also 
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Fic. 4.—Effect of different systems of culture on the growth of apple trees: A, clean cultivation; 
B, cropped with oats; C, cropped with clover; D, cropped with blue grass. 
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showed the superiority of clean cultivation, especially over cropping 
; with oats and grass. In the cultivated plat the root system was com- 
pact and reached a considerable depth, while in the oats and grass 
1) plats the roots grew shallow and ranged widely from the tree. There 
if was also a difference in the moisture content of the soil in the differ- 
ent plats. In the latter part of October, 1897, the average percentages 
} of moisture in the first 27 inches of soil of the various plats were for 
i the cultivated and corn plats 12, for the clover plat 10, and for the 
oats and grass plats 8. The effect of the different treatments is seen 
in figure 4 which shows a typical tree from each of the 4 plats. 
The injury caused by growing grass in young orchards is shown 
4 very emphatically by an experiment conducted at the Utah Station. 
Parts of an orchard were seeded to alfalfa, timothy, clover, and a 
mixture of timothy and clover soon after the trees were set, and other 
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parts were cultivated, all being irrigated alike. Over half of the 
trees in the grass plats died and were reset twice, while the cultivated 
trees lived and grew well. It is not to be expected that growing grass 


- jn young orchards is always as injurious as it proved to be at the Utah 


Station, yet the reported experiences of fruit growers and experi- 
menters everywhere show the importance of carefully cultivating 
young orchards. Even in a climate as moist as that of England 
grass proves very detrimental to young trees. At the Woburn Ex- 
perimental Fruit Farm a mixture of grass recommended for orchards 
was sown around young apple trees and other trees were cultivated, 
the two lots being treated alike in other respects. The second year 
after sowing the grass the trees in the grass plat made 35 to 41 per 
cent less leaf growth and 74 to 87 per cent less wood growth than 
trees in the cultivated plat. In the case of dwarf trees bearing fruit 
for the first time the grass reduced the yield 71 per cent in weight and 
82 per cent in value. Grass sod was much more injurious than weeds 
which lived but one year. 

From the experiments referred to above it would appear that the 
growth of grass, weeds, and even such plants as field peas, through the 
entire season without cultivation, especially in young orchards, is to be 
regarded as an injurious practice. The growth of grass, weeds, and 
cereal crops makes impossible cultivation, which would not only check 
evaporation of water from the soil, but would also prepare the soil to 
hold more of the rainfall, make plant food available to the trees, send 
the tree roots down to the subsoil, and the like. Aside from prevent- 
ing cultivation, the crops noted evaporate a great amount of water 
through their leaves, and, if removed from the orchard, rob it of 
fertility. : 

Notwithstanding all this, it must not be inferred that clean cultiva- 
tion is best in all cases. If the trees are set in fertile soil there is 
usually no injurious effect from growing a secondary crop between the 
rows while the trees are young and their roots do not occupy the entire 
soil, but the secondary crop should always be one that requires careful 
cultivation and does not evaporate moisture excessively, such as beans, 
peas, potatoes, cabbage, squashes, melons, and the like. The crops 
noted, and other similar ones, if not planted too close to the trees, do 
not hinder cultivation, and they evaporate comparatively little mois- 
ture. As an example of this, it has been shown at the Nebraska Sta- 
tion that in midsummer the moisture content of the soil of well-culti- 
vated plats of cabbage, beans, peas, and potatoes was but little less 
than that of cultivated fields in which no crop was growing. Such 
plants as squashes and melons may hinder cultivation late in the sea- 
son, but that is usually not a disadvantage, as shown later. As the 
trees grow the crops should be planted farther from them until the 
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tree roots occupy all the ground, when it is usually best to discontinue 


growing secondary crops. 


Orchards with trees set 20 feet apart 


should rarely be cropped more than three years, but apple orchards 


can often be cropped for seven or eight years. 


When the trees begin 


to bear it is usually time to stop cropping the orchards. 


| 
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Tic. 5.—Apparatus for applying water pressure 


Aside from the growth of sec. 
ondary crops in orchards, there are 
other cases where clean cultivation 
is not best. It often happens that 
in very rich soil or in very moist 
localities fruit trees grow vigor- 
ously, but do not fruit well. It is 
then necessary to do something to 
check the growth and induce fruit- 
fulness. This may often be accom- 
plished by seeding the orchard to 
grass. How long grass should be 
allowed to remain can be deter- 
mined only by the growth, fruit- 
fulness, and appearance of the 
trees. If the growth becomes very 
weak and the leaves are light-col- 
ored it is an indication that culti- 
vation should be resumed. Indeed, 
it should have been resumed be- 
fore these conditions appeared. 

Another case in which clean cul- 
tivation is not best is where or- 
chards in very light soils are sub- 
ject to the washing and leaching 
of heavy rains. In such cases it 
may. be advantageous to grow a 
secondary crop in summer, to hold 
the soil and prevent the washing 
out of food materials. This bind- 
ing of orchard soils by means of 
secondary crops may well be com- 
bined with the improvement of 
the soil by green manuring. In 
the majority of cases, however, 
this treatment will be found un- 


necessary. But even where summer treatment is not necessary it is 
often well to grow some crop to protect the soil and trees during 
winter and to improve the soil. In this case, then, clean cultivation 
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during the first part of the season may be followed later by the use 
of some cover crop. 


APPLICATION OF WATER PRESSURE TO TRANSPLANTED TREES. 


The Wisconsin Station has recently reported experiments in apply- 
ing slight water pressure to the roots of newly transplanted trees as a 
means of promoting the starting of their buds, thereby preventing 
failure in transplanting. A vessel containing a small quantity of 
water is supported at a height equal to or slightly exceeding that of 
the tree and connected by a tube with a root of the tree, so that the 
pressure exerted by the column of water in the tube is communicated 
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Fie. 6.—Effect of artificial root pressure on the opening of buds. 


to the water within the tree. In the tests made at the station a flask 
of water was supported on a stake driven in the ground near the tree 
and a rubber tube used to connect the flask with the root. A simpler 
and more substantial form of apparatus is recommended for general 
use (fig. 5). A cup with a small opening in the bottom is soldered 
to one end of a small gas pipe and a cap screwed on to close the other 
end. Near the closed end the pipe has a T connected with a brass 
nipple to which a short rubber tube is attached. The soil is removed 
from the end of a root and the closed end of the gas pipe shoved into 
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the ground near enough to the tree to allow the rubber tube to slip 
over the end of the root. The end of the rubber tube is then closed 
with a cork and the apparatus filled with water, when the cork jg 
removed and the end of the tube slipped over the end of the root and 
tied with a cord. 

The effect of the water pressure was often very quickly noticed, 
sometimes within forty-eight hours. Pressure was applied in the 
latter part of May, 1896, to a small purple beech tree which had been 
planted in April but had shown no indications of opening its buds, 
Six days later the buds had opened sufficiently to show the leaves 
plainly. In the middle of May, 1896, water pressure was applied to 
a tree of the “ City” plum which had been planted nearly a month 
previous. Several leaf buds had opened but had been dried up by 
hot, dry weather. A week after the pressure was applied many buds 
which had not opened before began to swell, and in about another 
week the leaves were pushing out vigorously. In the spring of 1897, 
twenty Whitney crab-apple trees were planted in rather poor, dry 
soil. The-roots of these trees had been exposed for a time during the 
winter to the warm, dry atmosphere of the garden house, having been 
used by students in lessons in transplanting, and had then been kept 
in damp soil in a cellar. During the four days preceding planting 
the roots were exposed to the air but protected from the rain and 
snow. The trees were planted in the latter part of April without 
special care, and water pressure was applied to a root of each alter- 
nate tree. The weather was clear, with occasional showers. In one 
week after planting, the buds on the trees supplied with water pres- 
sure began to open, and in two weeks every tree thus treated was 
starting well. During the next two weeks, with dry, clear weather, 
the treated trees continued with one exception to expand their leaves. 
By this time the buds on one of the untreated trees began to start, 
but those on the other untreated trees showed no sign of starting. 
(See fig. 6.) Later the ground was well irrigated and mulched. 
All the trees ultimately grew except two, both failures being in the 
untreated lot, and by fall little difference could be seen between the 
trees of the treated lot and the live ones of the untreated lot, show- 
ing that the advantage of the treatment is only in starting growth. 

The apparatus has not thus far been tested on trees more than four 
years old nor on evergreens. Whether it will be found advantageous 
to use this treatment in transplanting large trees can not be said at 
present. Whether it is found economical in ordinary work or not, it 
will undoubtedly prove a very valuable means of preventing failure 
in transplanting trees under unfavorable conditions, especially m 
the case of rare or otherwise specially valuable trees. 
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In regard to the practical value of the treatment the bulletin says: 


Trees of which the bark is shriveled and the buds blackened by undue drying, 
or of which the roots have been killed by severe freezing in a dry soil, can not 
be saved by this treatment; but trees of which the bark and buds are plump, 
that are unable to expand their leaves even when the soil about their roots is 
moist, may generally be assisted to do so by the apparatus here described. 
The treatment will probably have especial value for trees that it is desired to 
plant without severe cutting back of the top. 


THE FECUNDITY OF SWINE. 


The impression is prevalent among farmers that pure-bred swine 
are unprofitable for breeding purposes, as it is thought that as purity 
of breed increases fecundity decreases. The question of the fecun- 
dity of improved breeds of swine was investigated recently by the 
Indiana Station. The number of pigs farrowed and raised in the 
first and the last 200 litters recorded in the registers of Berkshire, 
Poland-China, and Chester White pigs were compiled. In compar- 
ing the litters, 100 litters were selected in which the sows were 
recorded, and 100 in which the boars were recorded. The dates of 
farrowing of the first 200 litters varied through a number of years. 
The last 200 litters were almost all farrowed in 1896. The popular 
opinion was not confirmed by this investigation. 

While there seems to be a reduction in the number of very large litters, the 
total number farrowed is about the same as shown by the first records. 

It is not the intent to compare breeds, but to compare the earliest and latest 
records of litters, to determine whether there has been a real gain or loss in 
the fecundity of the breed. 

The number of boars and sows raised was as follows: Berkshire, 400 litters, 
2,866 pigs, 1,498 boars, 1,368 sows; Poland-China, 1,000 litters, 6,542 pigs, 
8,228 boars, 3,314 sows; Chester White, 600 litters, 4,555 pigs, 2,236 boars, 2,319 
sows. In a total of 3,693 pigs farrowed, and all raised, there were 1,786 boars 
and 1,907 sows. 


FOOD VALUE OF HENS’ EGGS.¢ 


Eggs are generally regarded as a valuable and nutritious food. 
According to a large number of American analyses, an egg on an 
average weighs 2 ounces and has the following percentage composi- 
tion: Shell, 10.5; water, 66; protein, 13.1; fat, 9.3; and ash, 0.9. A 
side of beef contains on an average about the same percentage of 
protein, but a larger percentage of fat. Eggs belong to the nitroge- 
hous group of foods, and would naturally and quite properly be com- 
bined in the diet with materials supplying carbohydrates (sugar and 
starch), such as cereals, potatoes, etc. 


*¥For a more complete discussion of this subject see U. S. Dept. Agr., Farmers’ 
Bul. 128. 
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The California Station has recently reported an extended study of 
the physical properties and chemical composition of eggs, the chief 
object being to determine whether there was any basis of fact for 
the popular opinion that eggs with brown shell have a higher food 
value than those with white shell. =The brown-shelled eggs were from 
Partridge Cochins, Dark Brahmas, Black Langshans, Wyandottes, 
and Barred Plymouth Rocks, and the white-shelled eggs from Brown 
Leghorns, Buff Leghorns, White Minorcas, and Black Minorcas, 
The size, weight, specific gravity, and the ratio to total weight of the 
shell, yolk, and white are shown in the following table: 


Comparison of brown-shelled and white-shelled eggs. 


Gigs, 





























: ; as — | EP dible portion, 

Weight.| Length.| Width.| 8TAV- loogs to Shell. | 

| ity | pound, | Foepl. Yolk. | White. 
ain - ———————— —_ j a 

Brown-shelled eggs (av- Grams. Inches. laaahaic| | Per ct.| Per et.| Per ct.| Per et, 
erage of 6 breeds)----_-- 59.4 | 2.27 1.69 | 1.082 7.67 | 10.70 89.30 | 31.76 57.54 

White-shelled eggs (aver- | | 
.age of 4 breeds)_---_--_- 62.9 2.27 | 1.76 | 1.058 7.83 | 10.92 | 89.08 | 33.18 59.90 
Average of above_- 61.2 2.27) 1.72 | 1.070 | 7.50 | 10.81 | 89.19 | 32.47 58.72 


The composition of the eggs of the different breeds is recorded in 
detail. The averages are given in the following table: 


Analyses of brown-shelled and white-shelled eggs. 


| . { : 1 Fi | . 
ho | Protein.| Fat. | Ash. Shell. | Total. 





Per cent.| Per cent. Per cent.| Per cent.| Per cent .| Per cent. 


Ie ata cick ses casei apereptnibaine 49.59 | 33.52 DE ccs aceee 99. 

5 SRE RI SORE | 86.60 | 11.99 a SR ee 99.34 

oie tnt n nan anei | 65.57 11.8 10.77 64 10.70 99.52 
White-shelled eggs: | | 

Yolk | 49.81 | 15.49 33.34 al seat 99.00 

White 86.37 12.14 -35 <9 epee ase 99.42 

Entire egg 64.79 11.92 11.22 .67| 10.92 99.52 








It has been said by some that the brown eggs are richer than the white ones, 
This statement is not borne out by a chemical analysis, and the physical exami- 
nation proves that the main points of superiority, though extremely slight, are 
possessed by the white eggs. The minute differences that are found between 
the two groups are exceeded by variation between the varieties within the same 
group. 

We can therefore state as a conclusion, both from a chemical and a physical 
point of view, that there are practically no differences, so far as the food value 
is concerned, between the white-shelled and brown-shelled eggs. 


The Michigan Station has recently reported a study of the chemical 
composition of eggs from different breeds of hens. These were Brown 
Leghorns, Barred Plymouth Rocks, Buff Cochin, Silver Gray Dork- 
ings, White Wyandottes, and Partridge Cochin. The variation in 











“See also U. S. Dept. Agr., Farmers’ Bul. 262, p. 27. 
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composition of the eggs of the different breeds was too small to be 
regarded as of any practical value. It would undoubtedly be no 
greater than the variations between different samples of eggs from 
the same breed. The effect of the character of rations on the com- 
position of eggs was also tested with two lots of Barred Plymouth 
Rocks, Wyandottes, and Brown Leghorn hens. The test covered six 
weeks. Lot 1 was fed a mixture of 1 part of meat scraps, 8 parts of 
wheat, and 1 part of oil meal. Lot 2 was fed with a mixture of 7 
parts of corn, 1 part of tallow, and 2 parts of rice meal. Both lots 
were given lettuce and oyster shells in abundance. No marked varia- 
tion in the composition of the eggs due to different rations was 
observed, but the test is not regarded as conclusive, since it was of 
short duration. 

The value of any food is determined not alone by its composition, 
but also by its digestibility. It is evident that if two foods have the 
same composition, but owing to physical properties or other cause 
the first gives up twice as much material to the body in its passage 
through the stomach as the second, it is much more valuable. In con- 
nection with other work the digestibility of eggs was studied at the 
Minnesota Station. Five experiments were made by means of a pep- 
sin solution to determine the digestibility of eggs cooked under dif- 
ferent conditions. Eggs were cooked for 3 minutes at 212° F., giv- 
ing a “ soft-boiled ” egg, and for 5 minutes and 20 minutes at the 
same temperature. An egg boiled 3 minutes and digested for 5 
hours in pepsin solution, compared with one boiled 20 minutes and 
treated in the same way, showed 8.3 per cent undigested protein in 
the former against 4.1 per cent undigested protein in the latter. 
Under similar treatment the egg boiled 5 minutes gave 3.9 per cent 
undigested protein. 

Another trial was then made, in which the eggs were cooked for 
periods of 5 and 10 minutes in water at 180° F. In both of these 
cases the protein was entirely digested in 5 hours. 

These results would indicate that while the method of cooking has 
some effect upon the rate of digestibility, it does not materially af- 
fect the total digestibility. The results agree quite closely with those 
reported some years ago by Rubner, a German investigator, who 
found that 97.1 of the protein of hard-boiled eggs was digested. 

At the Minnesota Station a digestion experiment was also made 
with a healthy man, in which a very considerable portion of the ni- 
trogenous material and fat of the ration was furnished by eggs, the 
other foods eaten being potatoes, milk, and cream. About 90 per 
cent of the total nitrogenous material and 90 per cent of the fat con- 
sumed were digested. In experiments at the University of Tennessee 
with healthy men on a diet of bread, milk, and eggs, from 90 to 95 
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per cent each of the protein and fat were digested. The conclusion 
therefore seems warranted that, as shown by composition and digesti- 
bility, eggs possess the high nutritive properties which are popularly 
assigned to them. 

For a number of years this Department has been carrying on food 
investigations in different parts of the country. One of the objects 
was to learn the kinds and amounts of food consumed by persons 
engaged in various occupations and the relative cost of such foods, 
Compared with other foods at the usual prices, eggs at 12 cents per 
dozen were found to be a cheap source of nutrients; at 16 cents per 
dozen, they were fairly expensive; and at 25 cents ag dozen and over 
they were very expensive. 


THE SWEET POTATO AS A STARCH PRODUCER. 


By far the larger part of the starch of commerce is at present 
manufactured from corn, potatoes, and rice. Potatoes are largely 
used on the Continent of Europe, rice principally in England, but 
corn almost exclusively in America. In selecting a starch-producing 
plant two things must be taken into consideration, (1) the amount 
of starch yielded per acre and (2) the cost of separating the starch. 
The general use in the United States of corn as a starch producer 


is undoubtedly due to its widespread culture, its high content of 
starch, and the ease and cheapness with which the latter is produced. 
While it is not likely that any of our common crops can successfully 
compete with corn as a starch producer under the ordinary condi- 
tions at present prevailing in the United States, there may be special 
conditions under which the utilization of other starch-producing 
plants may prove profitable. 

The sweet potato has frequently been suggested as a possible profit- 
able starch producer, but little has actually been done to determine its 
value for this purpose. The South Carolina Station has recently 
made some studies on the sweet potato which have an important bear- 
ing on this point. Analyses of samples of potatoes from different 
sources showed an average starch content of over 20 per cent, running 
as high as 26 per cent in some cases. In two samples the starch was 
separated mechanically. In the first, which chemical analysis showed 
to contain 22.82 per cent of starch, 20.61 per cent was obtained by 
mechanical means; the second, containing 21.74 per cent, yielded 
19.96 per cent by mechanical separation. The material thus separated 


was quite pure, containing 96 per cent of pure starch. 


Assuming a yield of 20 bushels, or 1,200 pounds, of wheat per acre; 
35 bushels, or 1,960 pounds, of corn, and 200 bushels, or 1,200 pounds, 
of sweet potatoes, the yield of starch is estimated to be: From wheat, 
684 pounds; corn, 1,283, and sweet potatoes, 2,640. It is thus seen 
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that the amount of starch yielded per acre by sweet potatoes is largely 
in excess of that yielded by cereals. The sweet potato also appears to 
have some advantage in this respect over the white potato, which is 
so largely used in Europe. 

Besides the question of the yield of starch, owever, there are other 
things to be taken into consideration, viz, the cost of production of the 
sweet potato, the changes that may take place in storage, the cost of 
manufacturing the starch, and, finally, the properties of the starch 
itself. 

It is claimed that a given amount of starch is produced at much less 
cost in sweet potatoes than in cereals and white potatoes. A fact 
which must be taken into account, however, in considering the v-lue 
of the sweet potato for starch manufacture is that there is a consider- 
able change of starch into sugar in storage. 

The Texas Station found that “a sweet potato containing 2.77 per 
cent of total sugar originally, when kept for a month and_a half, 
increased its total sugar content to 11.63 per cent, and in four months 
still further increased it to 13.8 per cent.” The extent of the loss 
from this source, of course, depends largely upon the length and man- 
ner of storage. 

The questions involving the manufacture of the starch on a large scale and 
the fitness of the product for sizing and other purposes can be best determined 
by a factory test. It is believed that the results already obtained are sufli- 
ciently promising to justify those who are interested in this subject in trying to 
have a factory test made. * * * 

While in communities near large markets the sweet potato always brings a 
good price, yet in districts removed from market facilities it hardly pays to 
ship them, and it is in the latter districts that starch factories could no doubt 
be placed with advantage. 

An important factor to be taken into consideration in this connec- 
tion is the character of the refuse left after extracting the starch. 
Corn contains considerable amounts of protein, and when used for the 
manufacture of starch furnishes by-products rich in this constituent, 
and therefore very valuable feeding stuffs. Gluten meal and feed are 
examples of these by-products. Sweet potatoes, on the other hand, 
contain much less protein, and would therefore furnish a much less 
valuable by-product. 


THE TOAD AS A FRIEND OF THE FARMER.’ 


Great and beneficent results are often accomplished through very 
humble agencies. Darwin has established the claim of the earthworm 
to the gratitude of the tiller of the soil, and modern science is reveal- 
ing thousands of hitherto unseen and unknown agencies working in 





*¥or a fuller discussion of this subject see U. S. Dept. Agr., Farmers’ Bul. 196. 
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the interests of man. Science now comes forward to establish what a 
few have long maintained, viz, that the ugly and despised toad is a 
faithful and efficient servant of the farmer. 

From the earliest times, as a bulletin of the Massachusetts Hatch 
Station states, the toad has been associated in the popular mind with 
a host of “vague and ludicrous fancies as to its venomous qualities, 
its medicinal virtues, or most commonly, the hidden toadstone of 
priceless value.” 'To these venerable creations of the imagination 
have been added others equally absurd, such as “ that touching toads 
will produce warts on the hands; that killing toads will produce 
bloody milk in cows; that a toad’s breath will cause convulsions in 
children; that a toad in a newly dug well will insure a good and 
unfailing supply of water, or in a new-made cellar will bring pros- 
perity.to the household, etc.” This station has made an investigation 
of the habits, food, and economic value of the American toad which 
dispels these fallacious ideas, and at the same time establishes the 
claim of the little animal to our consideration and appreciation. 

In New England the toad usually emerges from its hibernating quarters dur- 
ing the month of April. Cold weather retards its movements, but on warm days 
at this season the toads may be found on their way to the ponds and stagnant 
pools, where a little later the characteristic shrill cry may be heard throughout 
the day and evening. Mating is commenced as soon as the water is reached, or 
even before, and in a few days the long slimy “‘ ropes” of eggs deposited by the 
female may be found in the pools. The eggs are nearly black in color and 
rapidly increase in size. In two weeks the young tadpoles are clearly outlined, 
and in three or four weeks the eggs hatch. The vegetable detritus of the pond 
bottoms and the slime and alge attached to sticks, plants, etc., seem to be the 
common food of the tadpole. Warm weather favors-the growth of the tadpoles, 
and usually by July 1 to 15 the young toads are fully developed, leave the 
water and spread over the fields. At this stage they are exceedingly sensitive to 
heat, and secrete themselves under leaves, rubbish, stones, etc., during the day; 
but let a vigorous shower descend and the transformation is magical. The 
walks, roads, and gardens at once become peopled with myriads of these thirsty, 
leaping creatures, and their sudden appearance has led to the popular belief that 
they “rain down.” It is fortunate for them that when young they are unable 
to endure solar heat, otherwise large numbers would probably be destroyed by 
the birds which are active during the day; doubtless many are killed by the 
predaceous birds and mammals which prowl] by night. 


Many conflicting statements have been made regarding the lon- 
gevity of the toad, but “there can be but little doubt that toads live to 
a considerably greater age than is supposed, and we may hazard the 
opinion that many of them reach an age of at least 10 or 15 years.” 

Experiments have been made which “ show that it is possible for 
the toad to exist for a limited time without food, but throw a shadow 
of improbability upon the stories of those found in rocks, trees, etc.” 

When suddenly disturbed or roughly handled the toad ejects a colorless fluid 
from the anus and a milky liquid from the skin. This habit is probably the 
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pasis for the belief that the toad is venomous. The secretion of the skin glands 
is harmless when applied to the hands, but it evidently possesses acrid proper- 
ties, since when toads are bitten by dogs or cats the latter usually have a copious 
flow of saliva, show signs of discomfort, and in some cases coming under the 
observation of the writer have manifested considerable distress. That this 
fluid is not objectionable to all animals is apparent from the fact that many 
hawks, owls, etc., include the toad in their bill of fare. 


The toad sheds its skin four or five times each year. There is a 
popular notion that the toad swallows the molted skin, but this was 
not observed in this study. 


On the approach of cool weather, sometimes as early as the Ist of September, 
toads begin to seek winter quarters. ‘These they find in cellars, under buildings, 
rocks, leaves, or rubbish, and in places where the action of frost will not be 
felt. Cold benumbs them but does not kill. 

The toad can not endure high temperatures. Properly speaking, 
it is a nocturnal animal, and ventures out during the day only when 
tempted by an abundance of food in its immediate vicinity or when 
the air is full of moisture. It eats only living and moving insects, 
centipedes, ete. 

The toad’s tongue, its only organ for seizing food, is soft, extensile, attached 
in front but free behind, and is covered with a glutinous substance which ad- 
heres firmly to the food seized. So rapid is the motion of this weapon that a 
careful watch is necessary in order to see the animal feed. * * * 

At night, soon after sundown, or even before on cool evenings, the toad 
emerges from its shelter and slowly hops about in search of food. Something 
of a regular beat is covered by these animals, whose sense of locality is quite 
strong. In the country this includes forays along roadsides, into gardens and 
cultivated fields, and wherever insect food is abundant and grass or other thick 
herbage does not prevent locomotion. In cities and suburban villages the 
lawns, walks, and particularly the spots beneath electric lamps, are favorite 
hunting grounds. 


The toad as a rule feeds continuously throughout the night, consum- 
ing in twenty-four hours an amount of food equal in bulk to about 
four times the stomach capacity. 

A careful examination of the contents of the stomachs of a large 
number of toads showed that 98 per cent of its food was animal mat- 
ter—worms, insects, etc. “ Eleven per cent of the toad’s food is com- 
posed of insects and spiders beneficial or indirectly helpful to man; 
80 per cent of insects and other animals directly injurious to culti- 
vated crops or in other ways obnoxious to man.” It is estimated that 
a single toad destroys in a year insects which, if they had lived, might 
have damaged crops to the extent of about $20. 

To all agriculturists the toad renders conspicuous service, but gardeners 
and greenhouse owners may make this animal of especial value. Every gar- 


dener should aim to keep a colony of toads among his growing crops and the 
practice of collecting and transferring them to the gardens is a commendable 


87 





Te 


.wes 


<9 


." aweiware 


: = 


lire 


asd 


32 


one. While the sense of locality is strong in this batrachian and it will ofteg 
return over considerable distances to its original haunts, yet it may be indo 
to remain in new quarters if there is a sufficient food supply. * * * : 
The crow and various species of hawks and owls are the chief natural ene 
mies of the toad, but as a common enemy of the toad the ubiquitous smalt boy 
plays a prominent part. Seventeen toads dead and more or less mutilated were 
once observed at Malden, Mass., lying on the shores of a small pool. This wal 
the result of a couple of hours’ amusement on the part of two juveniles. ie 
This is not an extreme case. Such cruel and senseless persecution is only a 
too common occurrence. The loud cry of the toad at spawning time readily be 
trays its presence, and small boys, and sometimes those of larger growth, grayi 
tate toward the ools as naturally as do the toads themselves. There hayg™ 
been excellent laws enacted to protect our insectivorous birds. Why shoux ere 
not be as stringent legislation against the destruction of toads? If merit of 
service rendered to man be the standard by which legislation is determined, > 
toad presents a record which will compare favorably with that of any i 
sectivorous bird. Public sentiment in a matter like this, however, exerts a 
stronger influence than legislation, and when the services of this animal are 
appreciated and the toad receives in our public schools recognition similar to 
that given to the birds, then we may expect to see a lessening of the wanton 
destruction of this humble servant of man. ‘ 


[A list giving the titles of all Farmers’ Bulletins available for distribution will} i 
sent free upon application to a Member of Congress or the Secretary of Agricultun 
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Nitrogen-free extract includes starch, sugar, gums, and the like, and forme an 
important part of all feeding stuffs, but especially of most grains 

Fa, or the materials dissolved from a feeding stut® by ether, is a substance of 
mixed character, and may include, besides real fats, wax, the green coloring matter 
of plants, ete. The fat of food is either stored up in the body as tat or burned to 


furnisir heat and energy 
MISCELLANEOUS TERMS. 


Alkali soils.—Soils found in arid or semiarid regions, which contain an unusual 
amount of soluble mineral salts (alkali), which effloresce or bloom out in the form 
of a white powder or crust in dry weather following raius or irrigation. Two dis- 
tinct clisses of alkali are known: White alkali, composed largely of sulphate of 
soda and common salt, which is comparatively harmless; and black alkali, com- 
posed Jargely of carbonate of soda, which is highly corrosive and destructive to 
vegetation. 

Humus is the name applied to the partially decomposed organic (animal and vege- 
table) matter of the soil. 1t is the principal source of nitrogen in the soil. 

Leguminous plant is a plant of the botanical order Leguminosx, the principal 
representatives of which are clover, peas, beans, etc. 

Specific gravity of solid substances is the ratio of the weight of a given bulk 
of the body to that of an equal bulk of water; or, stated in another way, the ratio 
of the weight of the substance in air to its weight in water. 

Pepsin.—A substance (ferment) found in the juices of the stomach, which aids in 
the digestion of food. It is prepared in a comparatively pure state on a commercial 
scale from the lining membrane of pigs’ stomachs. 


FARMERS’ BULLETINS. 


These bulletins are sent free of charge to any address upon application to the 
Secretary of Agriculture, Washington, D.C. Only the following are available for 
distribution: 


No. 15. Some Destructive Potato Diseases: What They Are and How to Prevent Them. No. 16. 
Leguminous Plants tor Green Manuring and for Feeding. No, 18. Forage Plants for the South. 
No. 19. Important Insecticides: Directions for their Preparation and Use. No. 21. Barnyard Manure. 
No. 22. Feeding Farm Animals. No. 23. Foods: Nutritive Value and Cost. No. 24. Hog Cholera and 
Swine Plague. No. 25. Peanuts: Culture and Uses. No. 26. Sweet Potatoes: Culture and Uses. 
No. 27. Flax for Seed and Fiber. No.28. Weeds; and How to Kill Them. No. 29. Souring of Milk 
and Other Changes in Milk Products. No. 30. Grape Diseases on the Pacific Coast. No. 3L Alfalfa, 
or Lucern. No. 82. Silos and Silage. No. 33. Peach Growing for Market. No. 34. Meats: Composi- 
tion and Cooking. No. 35. Potato Culture. No. 36. Cotton Seed and Its Products. No. 37. Kafir 
Corn: Characteristics, Culture, and Uses. No. 38. Spraying for Fruit Diseases. No. 39. Onion Cul- 
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